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NINTH ANNUAL 
Report of the State Geologist. 
IOWA GEOLOGICAL SURVEY, } 
DES MOINES, DECEMJ3ER 31, 1900. 
To Oovemo1' Leslie .M: Shaw and K embel's of the Oeoloqical 
Boa1'd: 
GENTLEMEN: In accordance with custom and the require-
ment of law I have the honor to submit, for your considera-
tion, a brief account of the operations of the Iowa Geological 
Survey for the year 1900. During this year the Survey has 
been prosecuted along much the same lines as heretofore. 
This means that, so far as field work is concerned, the greater 
part of the energies of the Survey has been expended in the 
direction of areal investigation and mapping, the object be-
ing to make a detailed examination of the entire state as 
rapidly as possible. Examination of the geological forma-
tions in the several counties and their detailed mapping are 
necessary pre-requisites to the correct determination of the 
geological resources of the state. While, however, areal 
work has absorbed the larger part of the attention of those 
responsible for the direction of the Survey, from its organiz-
ation till the present time, special subjects have not been 
entirely neglected. Early in the history of the Survey there 
was published a special report on coal giving all the informa-
tion in relation to the distribution of this important mineral 
which could be secured up to the date of publication. The 
11 
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sixth volume of the present sedes of reports was devoted ex-
clusively to special studies, that on the artesian wells of Iowa 
being the most extensive and in some respects the most im-
portant. Since the date of that publication Professor Norton 
has continued to collect data relating to the artesian supplies 
of the state as new wells have been bored. He has personally 
visited localities while the work of boring was in progress. 
He has frequently been called on for professional advice con-
cerning the advisability of stopping the work at a certain 
stage or of proceeding to greater depths. His services have 
resulted, in some cases, in saving much unnecessary expense 
to the communities interested; in other cases his advice has 
resulted in giving communities a larger and bet-ter water 
-supply than would have been secured if their original plans 
had been carried out. A supplementary ' report on artesian 
wells, giving the information collected since the publication 
·of volume VI, will appear at an early date. The economic 
value and importance of such statistics become greater with 
every increase in the number of wells studied. The interpre-
tation of the data becomes more precise and reliable, and the 
information collected can be applied to new cases with greater 
certainty. 
A paper giving the results of careful studies on the lead 
and zinc ores of the Dubuque region, by Professor A. G. 
Leonard, also appeared in the sixth volume. The subject of 
lead and zinc was again taken up in connection with the geo-
logical survey of Dubuque county. Mr. Bain, who had this 
particular part of the work in hand, reviewed the subject ex-
haustively, availed himself of all the information which had 
been previously collected, personally examined all the old 
workings to which he could gain access and studied thor-
oughly the newer developments, devoted much attention to 
the genesis of the ore bodies and the conditions which led to 
their accumulation, and thus was able to present a report 
treating with great fulness all the historical, scientific, econ-
omic and practical phases of the subject. The Geology of 
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Dubuque County, including a discussion of the minerals and 
mining problems referred to, appears as a part of volume X. 
Dr. Beyer, with the hearty co-operation of all the clay 
workers of the state aI!d using an expensively equipped lab-
oratory provided by the State College of Agriculture, is pre-
paring a Monograph of Iowa clays, their geologica.l and 
geographical distribution, their qualities, the uses to which 
they are best adapted, and the methods of treatment required 
in each particular case. He has had the work in ha.nd for 
two years or more, and such are the extent and nature of the 
problems involved that it will take some time yet before the 
investigations can be satisfactorily completed. Studies of 
materials suitable for the manufacture of Portland cement 
were continued by Bain and Wilder, but we have not yet had 
reports on all the samples collected and submitted to experts 
for examination. 
The corps of investigators employed during the past season 
in areal work included Calvin, Wilder, Norton, Udden Mac-
bride, Savage and Miller. Besides the persons named, two 
volunteer assistants have taken up special work in connec-
tion with the soils and drift deposits of certain areas. Mr. 
H. R. Mosnat, whose volunteer work on the artesian wells of 
the Belle Plaine area made an acceptable and valuable con-
tribution to volume IX of the Survey reports,has been study-
ing and mapping the Iowan drift margin in Tama. and 
Benton counties, and Mr. George ·L. Schoonover ha.s under-
taken the thorough investigation of the Pleistocene deposits 
of Jones county. Owing to the withdrawal of Mr. Bain, to 
whom a large share of the work of supervision had formerly 
been assigned, I found it necessary to spend the greater portion 
of the working season in field conferences with other members 
of the corps. Webster, Tama, Benton, Li.nn, Pottawattamie, 
Montgomery, Clay, O'Brien and Jones counties were visited 
and some time spent in each; and the remainder of the field 
seaso::! was devot~ 1 to:a review of Page county and efforts to 
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correlate the beds exposed in Page with those of adjoining 
areas. 
Mr. Wilder completed the field work in Webster county and 
submitted manuscript maps and report. It is his wish, how-
ever, that the publication of the report be deferred for the 
present in order that he may avail himself of the opportuni-
ties offered by a year's residence and study in Europe to visit 
the great gypsum mills of Germany and France and learn 
methods of handling and manufacturing which may prove 
serviceable to those interested in the gypsum industry in 
Iowa. The possible gain in the value and completeness of 
the report more than justifies the short delay, and Mr. Wild-
er's wishes in this respect may well be granted. Professor N or-
ton has completed the manuscript and map for his report on 
Cedar county, Mr. Miller has finished Marion county, Profes-
sor U dden prepared the map and manuscript relating to 
, Louisa county for the engraver and printer respectively, and 
took up field work in Pottawattamie county. This work he 
completed early in the season and will have the report on 
Pottawattamie ready for publication in the present volume. 
Professor Macbride's work of la'st year in Osceola and Dick-
inson counties was extended in 1900 to Clay and O:Brien. 
The field work was finished in September, and the manu-
script report is about ready for the printer. The work last 
year dealt chiefl.y with problems relating to the Wisconsin 
drift; and the characteristics assumed by this drift sheet in 
its southward extension have been the special subject of 
Professor Macbride's investigations during the past season. 
The erratically distributed moraines, the saucer-like kettle 
holes, and the beautiful lake basins of the Wisconsin area are 
features of a topography at once unique and interesting; the 
Wisconsin drift soil, with itE' unusually large lime constitu-
ent adapting it to the cultivation of a great variety of crops, 
possesses economic interest which renders the region over 
which it is distribut~d well worthy of study and careful map-
ping. The work of Professor Savage was to finish the sur-
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vey of Henry county, which he began last year, and to prepare 
his notes for publication. The preparation of the report is 
already well ad vanced. There was not much field work left 
to be done by Mr. Miller in Marion county, but the data re-
lating to the few unfinished details were collected and his re-
port is now in hand. The new areal work taken up during 
the year covered the counties of Webster, Pottawattamie, 
Clay and O'Brien. 
The work of the office has included the usual large corre-
spondence with persons, in and out of the state, interested in 
the resources of Iowa. The proof reading and other work 
incident to the publication and distribution of Volume X con-
sumed a great deu.l of time. Volume X is the largest, and is 
probably one of the most valuable of the publications so far 
issued by the Survey. The printing of the volume began 
late and extended well into the summer, a fact that pre-
vented the accomplishment of as much field work by some 
members of the corps as might otherwise have been done. 
The printing 0 ." Professor Pammel's monograph of the 
grasses of Iowa, which the Board ordered published fully 
two years ago, was taken up by the State Printer after Vol-
ume X was off the press, and there is now good reason to 
hope that it will soon be in the hands of the public, for whom 
it was prepared. 
Two changes in the position of Assistant State Geologist 
have been made during the year. On the first of March Mr. 
Bain was given six months' leave of absence without pay in 
order that he might carry into effect at Dubuque, some plans 
which seemed to promise much for the advancement of the 
mining interests of the region. Mr. Frank A. Wilder, a man 
of fine training and marked administrative ability, was chosen 
to fill the place from March 1 till September 1, when it was 
expected that Mr. Bain would be ready to renew his work in 
the office. Before the expiration of his leave of absence, 
however, Mr. Bain receiT;ed offers of larger pay with oppor-
tunities for experience and growth in different fields, which 
-- ------- - -
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it would have been unwise for him to reject; and so much to 
the regret of all who had learned to appreciate his splendiu 
qualities as an administrative officer and as a man, he resigned 
his connection with the Iowa Survey. Mr. Wilder's work 
was in the highest degree satisfactory, but he bad planned to 
go abroad about the first of September for advanced study 
in the universities of Germany; and it again became neces-
sary to choose a man for the position. We were especially 
fortunate in securing the services of Mr. A. G. Leonard who 
had been connected with the Survey in previous years and 
had had experience in conducting the affairs of the office-
during a former leave of absence to Mr. Bain. Miss Newman 
has continued to fiU, with characteristic energy and ability, 
the position of Secretary which she has held since the organ-
ization of the Survey. 
The demand for the publications of the Survey eX3eeGS the-
supply. The tenth volume is about the only one of which 
there are copies left available for distribution, and if all re-
quests for copies of this had been granted, the edition would 
have been immediately exhausted. Libraries of colleges~ 
academies and high schools, and all public libraries in the-
state are supplied with the reports in accordance with the-
rules relating to the distribution of the volumes; while be-
yond the limits of the state exchanges are made with state 
and national surveys, and with scientific associations which_ 
regularly publish proceedings. The volumes are also sent to 
geologists of acknowledged standing and reputation in Am-
erica and Europe; but by far the larger parh of every edition 
goes to the citizens of Iowa. Each member of the Legisla-
ture receives a number of copies for distribution among those 
of his constituents who may be interested in the subjects. 
treated, and private persons making application for reports 
are asked to get their requests indorsed by members of the 
Legislature in their respective localities. The object is to 
insure as far as · possible the placing of the volumes in the 
hands of persons who will intelligently llse them. The in-
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creasing use of the separate county reports in connection 
with the study of Physiography and Geology in high schools 
is an encouraging fact, since, if the practice could become 
universal, the men and women into whose keeping the control 
of affairs must soon pass, will be able to look upon the geo-
logical resources of the state with intelligent judgment as to 
what lines of development may be entered upon with fair 
prospects of success, and what propositions looking to the 
discovery of desirable geological products are hopelessly 
absurd. 
It is a source of constant wonder and surprise that, not-
withstanding all that has been said and written, there are yet 
persons of influence, intelligent beyond the average in all 
other respects, who entertain the crudest conceivable notions 
concerning the geology of the state and the distribution of its 
mineral resources. The highest natural gifts and the broad-
est scholarly training and busines experience seem to be al-
together ineffectual, in the absence of some training in the 
principles of geology, to protect men from the most amazing 
fallacies as to what mayor may not be found below the sur-
face of the ground. Samples of yellow mica from decayed 
Kansan bowlders, or iron pyrites from shales or limestones, 
are receiveu almost weekly from persons who imagine they 
have discovered gold in Iowa. Small flakes of brass worn 
from the working parts of pumps or other farm machinery, 
are among the causes which have led to repeated reports of 
discoveries of gold in a region where not a single condition 
favorable to the presence of the precious metal exists. Prob-
ably the most wild and unjustifiable of all the crude beliefs 
respecting geological resources is that whieh holds to the 
conviction that by going deep enough the drill is sure to find 
something of value, no matter at what point the work of bor-
ing is commenced. There are numerous wise persons in 
every community, estimable, influential and in the highest 
degree public spirited, . who are fully convinced that the 
question, for example, of finding coal in their special locality 
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is simply a matter of the depth to which the explorations are 
carried. Rock oil and natural gas are recognized as desirable 
products in every progressive community, and every such 
community contains persons, in other respects intelligent, 
who are ready to stake their own fortune and that of their 
nearest friends on the belief that oil and gas are everywhere 
underneath the surface, and that their sources can be tapped 
with the drill, provided only there is sufficient capital to 
keep up the' process of drilling long enough. , 
But is there no gold in Iowa? Men certainly have found 
some. Coal occurs in certain localities in the state, why are 
the chances not equally good for finding it in all other local-
ities? Why is it not a good business venture in Iowa to ex-
plore the depths of the earth for gas and oil, when fortunes 
are made and cities are boomed by the discovery of these 
desirable products in other states? Why is it not a proper 
function of t he Geological Survey to bore test holes in differ-
ent localities in order to settle the question of the presence 
of oil and gas beneath the surface? To answer these ques-
tions fully would require much space and would involve a 
discussion of some of the most elementary principles of geol-
ogy. Let me try as briefly as possible to present the facts 
necessary to an understanding of these subjects for the ben-
efit of the non-geological reader. 
Native gold, metallic gold, free gold- by whatever name it 
may be designated-occurs chiefly under two conditions. 
First, it is found in veins in the crystalline rocks. Such 
rocks are generally very old; they are fundamental; thty 
occur at the surface in a broad belt around Hudson Bay-
none of the newer or later formed rocks being present in that 
locality- and they extend down into northern Michigan, 
northern Wisconsin and northern Minnesota. They have 
been forced up near the surface and have been subsequently 
exposed by erosion in all mountain regions. As a rule, it is 
in mountain regions that gold is asso~iated with them, for it 
is here that they have been fissured by the strains and move-
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ments which gave rise to the mountains. Various minerals 
have been concentrated in the fissures by circulating waters 
-the waters being more efficient if warm and alkaline-and 
among the minerals so concentrated we sometimes find gold. 
Gold-bearing veins in the crystalline rocks are the basis of all 
the lode mining; but it must be kept in mind that only a very 
small proportion of all the veins referred to carry gold. Now 
there are no true crystalline rocks anywhere near the sur-
face in Iowa. All such rocks here are deeply covered with 
newer rocks of sedimentary origin. rrhese sediments were 
laid down, one on the other, in slow and orderly succession, 
on ancient sea bottoms, in precisely the same way, and of 
precisely the same materials as the beds of mud and sand 
and limy ooze which are today accumulating on the marginal 
bottoms of the modern seas. Such rocks contain no gold-
bearing veins, and hence it must be obvious that there can be 
no lode mining for gold in Iowa. In the second place, free gold 
occurs in placer mines. Placer mines are simply sheets of 
disintegrated rock material which has been strewn over the 
surface, usually along river valleys, by the action of flowing 
water. The rocks of mountains decay and are worn away 
by air, storm waters, frosts and other agents; the gold-bp.ar-
iog veins, if there are any, decay with the rest; the gold is 
freed from the matrix in which it was embedded, and the 
loose materials, gold and all, are gradually washed down to 
lower levels. The placer miner simply separates-by some 
convenient device-the gold from the loose clay and sand and 
gravel with which it is accidentally associated. It must 
again be obvious that, except in regions where ' there are 
gold-bearing _veins, there can be no placer mines worth con-
sidering_ From an this it will be easy for anyone to estimate 
the probability of finding gold in such a state as Iowa. 
In apparent contradiction of all that has just been said it 
must be acknowledged that gold is occasionally washed out 
of the sand banks and river gravels within the limits of our 
state. Spread over the sedimentary rocks and forming our 
20 ADMIN ISTRATIVE RJ£PORTS. 
soils and subsoils, are sheets of drift which were transported 
and distributed by glaciers coming from the north. Some of 
the materials forming the drift at any given point were car-
ried long distances, from away beyond the national boundary. 
In northern Minnesota and on the other side of the boundary 
line, in the Rainy Lake region, are quartz lodes carrying free 
gold. The ice sheets brought disintergrated materials from 
this region, as they did from all others over which they 
passed, and spread them out as part of the drift of Iowa. 
Some particles of gold came with the rest, and it is possible 
occasionally to discover some of them by panning carefully 
the loose surface materials. A resolute, industrious man, 
working persistently year by year, might possibly accumulate 
one or two dollars' worth in the course of a lifetime; but the 
business cannot be recommended as a profitable means of 
employing one's time. The resident of Iowa who imagines 
he has discovered a gold mine on his home farm is certainly 
basing his judgment on deceptive appearances of some kind. 
To understand the situation in respect to coal a few things 
must be kept in mind. First, as every miner knows, the coal 
is interbedded with sedimentary rocks, usually with sand-
stones and shales. Second, sedimentary rocks were laid down., 
one on the other, one after the other, in slow succession; and 
so the history of rock deposition in Iowa embraces a very 
long period of time. This history is almost complete from a 
period earlier than the introduction of life on the globe to 
times when land plants and animals were well developed. 
Third, coal was formed from land plants of certain types, the 
plants being preserved so as to be transformed into coal only 
under peculiar and favoring conditions. Fourth, coal plants 
did not come into existence until long after the beginning of 
the record preserved in the geologic.11 strata of Iowa. The 
older rocks, therefore, can contain no coal, because they 
were laid down long before any coal plants grew. All the 
rocks indicated on the geological map, Plate II, in Volume X, 
as Algonkian, Cambrian, Ordovician, Silurian, Devonian, and 
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Mississippian, are older than any coal. The coal of Iowa 
occurs chiefly in the Des Moines formation; a little is found 
in the Missourian. It was while t.hese two formations were 
in process of accumulation, not before, that coal plants of 
su.fficiently luxuriant growth to count for anything existed in 
Iowa; and though these plants were abundant, it was only in 
certain favored and comparati vely limited localities that the 
preservation of the plants took place so as to form coal. The 
geological formations of Iowa lie one on the other somewhat 
like the shingles on a roof, except that the oldest and first 
laid formations extend underneath the rest all the way across 
the state. The older formations appear successively from 
beneath the later in going from the southwest toward the 
northeast. The Cambrian sandstones that are found in the 
sides of the valleys near Lansing, lie far below the surface 
.at Des Moines. A well bored at Des Moines would pas~ , in 
the reverse order of their formation, through all the older 
beds, and would finally reach the Cambrian at a depth of 
.about 1,600 feet . All thesE; older beds, and all the individual 
layers of them, are seen in order, one after the other, between 
Des Moines and Lansing; and so a drill hole at Des Moines 
-could reveal nothing of consequence that might not be 
learned by careful investigation of the natural surface 
exposures in the region between Des Moines and the north-
east corner of the state. * Explorations for coal in the Mis-
sissippian, Devonian, Silurian, or older systems of rocks are 
foredoomed to failure for the simple reason that these r ocks 
were all completed before a single workable coal seam was 
deposited, some of them before a single coal plant, or any 
terrestri al for ms of vegetation from which coal might be 
formed, had come into existence. These formations all lie 
geologically below t.he coal as may be seen by consultiag 
* fh e Greenwood P ark weli at Des Moines has penet rated to th e Cambrian and has put to act ual 
test the sta tement s which an y compe tent geo log is t would have made in advance . All the broad 
de tails of th at boring could have been written out be fore hand. T he fuJI r ecord of t he \\'ell, to tbe 
minutes t detail s. is gi ven in Norton's AI'te8ian Wells oj Iowa, Iowa Geol. Sur ., \'01. VI, p. 29-1 et seq. 
Scores of oth er deep well s scattered throug bout Iowa and confi rming a ll tbat wou ld be inferred from 
s tud ies of th e suptrficia l exposures, are descri bed in th e sa me vol ume. 
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Plate III, in which their relations to each other and to the 
coal-bearing Des Moines formation are correctly indicated. 
If one could begin in the 'Mississippian or lower formations 
underneath Des Moines or in that vicinity, and bore upwards, 
he might have some chance of striking coal. But boring 
downwards in any of the formations referred to, whether 
under Des Moines or at points where tfie older beds come to 
the surface in the eastern part of the state, is going in the 
wrong direction; and the farther the boring is carried, the 
more hopeless becomes the search. There is positively no 
coal in any parts of Iowa, which have formations older than 
the Des Moines shales and sandstones as the surface rock. 
The finding of coal is not a question of deep drill holes, but is 
one of intelligent and thorough prospecting of geological de-
posits of a particular age. If the operation is begun in any 
formation older than the Des Moines, the drill may go through 
to Australia or anywhere else without finding a speck of coal. 
Petroleum and natural gas are like coal in one particular-
they are derived from organic products. They are known 
to have their origin in dark bituminous shale, in limestones, 
which are in general of organic origin, in quantities of vege-
table matter included in sandstones, in remains of forests 
buried in the drift, in any accumulations of organic matter 
which have undergone or are undergoing decay while her-
matically sealed from the atmosp,here. The marsh gas, 
which is annually produced by the decay of vegetation at the 
bottom of ponds, affords an illustration of the origin of one 
of the products we are considering, familiar to almost every 
observant person. It need scarcely be said, therefore, that 
rocks which are older than the introduction of life on the 
globe can furnish neither gas nor oil; and the fact that 
such rocks may be reached in Iowa at no great depth makes it 
pm;sible to explore the whole of the possibly productive 
series with comparative ease. Owing to their low specific 
gravity, oil and gas are displaced by descending waters and 
tend to rise toward the surface. They may, therefore, be 
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found at some distance above the beds in which they are gen-
erated, but it would be very unusual to find them lower down. 
The seas were practically destitute of life when the Al-
gonkian quart.zites at the base of the Iowa geological column 
were laid down, and all rocks older than the quartzites were 
formed under conditions even less favorable. It may be very 
positively affirmed that explorations for oil or gas below the 
top of the Algonkian are certain to be fruitless. Above the 
Algonkian lies a body of Cambrian sediments-mostly sand-
stones-l,OOO feet in thickness. Life was far from abundant 
in . Iowa during the deposition of the Cambrian, though even 
if it had been never so prolific, it would have counted for lit-
tle, since sandstone is not a good conservator of the organic 
matter present in the seas at the time of its accumulation. 
Sandstones are good reservoirs for the storage of gas and oil 
after these products have been generated from some underly-
ing productive rock. But there is nothing below our Cambrian 
from which gas or oil could be derived, and so the probability 
of finding either below the top of the Cambrian sandstones is 
so small as to be unworthy of consideration. Overlying the 
Cambrian are two formations, the Oneota and the Saint Peter, 
equally as barren as anything below them. When the drill 
reaches the top of the Saint Peter sandstone, it has practi-
cally passed through and beyond all formations in which there 
is any possible hope of finding the products under discussion. 
Next in ascending order C0mes the Trenton limestone, a for-
mation that was laid down on a sea bottom fairly crowded with 
swarming forms of life. This limestone is impure; it contains 
a large amount of clay mixed either with the materials form-
ing the layers of stone or laid down as beds of shale between 
the more stony layers. The Trenton formation was deposited 
under exceedingly favorable conditions for making it a pro-
ductive source of gas and oil. It still contains Jarge quanti-
. ties of bituminous matter which by the slow distillation always 
going on must yield annually considerable volumes of gaseous 
or liquid hydrocarbons. At all the exposures of the lower 
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Trenton, from Dubuque northward, the dry shaly partings 
betwe~n the ledges of limestone afford material so rich in 
bitumen that it is easily lighted with a match; it burns freely 
and emits a strong oily odor. Bituminous shale, precisely 
like that seen in the natural exposures, was brought up from 
the horizon of the Trenton in the deep well at Washington, 
Iowa; it has been recognized in other deep wells; the same 
shale, rich in bitumell, probably underlies the greater part of 
the state. 
If then a great amount of bitumen is stored up in the Tren-
ton limestone and is constantly evolving gas and oil by slow 
distillation, why are not gas and oil wells as common in Iowa 
as in tbe productive regions of Ohio and Indiana? Let it be 
answered that something more than petroleum-bearing rock 
is needed in order that oil may be obtained in quantities of 
commercial importance. It has been estimated by Professor 
Orton that the rocks beneath the surface over a very large 
part of Ohio contain at least 3,000,000 barrels of oil to the 
square mile, and yet not one gallon of this can be secured by 
the drill without the con,currence of at least two other condi-
tions: (1) There must be a porous reservoir-sandstone or 
porous limestone· -in which the oil or gas may accumulate, 
and this must be covered with shale or other impervious de-
posit to prevent the hydrocarbons from escaping to the sur-
face and becoming lost as fast as they are generated. But 
reservoir and cover alone will not insure a supply. So long 
as the rocks lie flat or have a uniform dip there will be no ac-
cumulations of any importance. (2) The reservoir and 
cover must present a series of folds beneath the arches of 
which the oil and gas are entrapped and accumulated under 
high pressure. Three conditions, therefore, must exist con-
jointly-the source of supply in some form of organic matter, 
the porous reservoir and impervious cover, and the arched or 
folded condition of the beds. It is the last of these condi-
tions that is wanting in Iowa. Our stratified rocks are not 
folded to any noteworthy extent. The compression and 
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crushing which gave rise to the Appalachian mountains pro-
duced folds as far west as Indiana, and then the effects faSle 
out. Iowa is too for away from other centers of crustal dis-
turbance, sucb as the Ozark region of Missouri or the great 
mountain axes of tbe west; and so the rocks are without-
tbe folds which are so esstntial to the accumulation of the 
fluent hydrocarbons. Besides tbe Trenton limestone there 
are petroleum-bearing rocks in other formations in Iowa, 
notably in the Carboniferous; but so far as discovery has 
gone, some of the conditions on which accumulation in com-
mercial quantities depends, are always absent. Usable 
quantities of gas have been found at a few places in Iowa in 
tbe drift. This gas has its origin in the buried forests; beds 
of sand and gravel constitute the reservoir; and overlying 
bowlder clay is the impervious layer. Near Herndon and 
Letts are wells of tbis kind. The volume of gas is small; its 
source is near the surface; nothing would be gained, but 
much might be lost, by deeper borings. If either oil or gas 
is ever Iound in Iowa in usable quantities, outside the drift, it 
will be found either in or above the Trenton. There is no pos-
sibility of its occurring below that formation. Now, remem-
ber that deep wells which have penetrated the whole thick-
ness of tbe Trenton and gone hundreds of feet belo v it, are 
scattered all over Iowa. Everyone of these wells, no matter 
for what purpose it was made, is, in effect, a test bole for 
gas and oil ; and everyone of them answers the question of 
the occurrence of these products in a way that might be in-
ferred from what is known of the geological structure-
namely, in the negative. The state has been very thor-
oughly explored beyond the deepest point at which there is 
the slightest hope of success, and a thousaqd other test 
holes would not make the situation any clearer or the results 
more decisive. There is always the very remote possibility 
that there may be a sm~ll arch somewhere which has not been 
pierced by the drill, but the chances of its existence are so 
few, that if the object is simply to test for gas or oil, it would 
3 
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be an unjustifiable waste of money to search for it even if 
holes could be bored everywhere down into the Trenton lime-
stone at the rate of one dollar apiece. The geological struc-
ture of the state, in its broader features, is now thoroughly 
known. The records of the many deep wells, so fully and 
accurately described by Norton in Volvme VI of the Iowa 
Reports, reveal that structure in scores of places down to the 
Algonkian; and from the base of the Algonkian to the earth's 
center, there is nothing but barren, igneous rocks in which 
drills might be worked eternally without the remotest pros-
pect of finding even so much as a trace of gas or oil. 
There is another fallacy which should be disposed of l if it 
is ever possible to dispose of any of the popular and deep-
rooted fallacies concerning what is hidden from ordinary 
observation beneath the surface of the ground. However it 
has arisen, there is a wide-spread belief that experts in some 
way are able to judge of the presence or absence of valuable 
products by an examination of the topography and general 
characteristics of the surface of any given region. Unscrup-
ulous persons, taking advantage of this belief, have robbed 
some Iowa communities unmercifully. Such persons usually 
own an elaborate outfit for drilling, and naturally they want 
to keep themselves and their machines employed. The com-
munity to be victimized is -easily selected. With specious 
cl~ims 'of expert knowledge and glib assurance that this hill 
and that ravine and the relations of the level plain all bear 
unmistakable evidence of underlying wealth of the very kind 
that the community for the moment most desires, the requisite 
. \ 
amount of money is quickly coaxed from the pockets of public 
spirited subscribers, the hole is bored,. the driller gets his 
pay, and the community is left to repent its folly at its leis-
ure. Not infrequently it is the public spirited men ofthe com-
munity who take the initative, and, without knowledge of their 
own and asking no advice, but firm in the belief that the earth 
will yield anything desired if we only go deep enough, they 
proceed with the drilling of test holes on a scale involving the 
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expenditure of thousands of dollars. The end is inevitable. 
It is that which invariably follows every ill-advised enterprise 
in which ascertained facts are ignored. The disappointment 
may be all the keener when the promoters realize that the 
facts bearing on the case were easily ascertainable. 
The highest living authority on the distribution of oil and 
gas, the man who has done more than anyone else for the 
successful and profitable development of all the interests 
related to these two products, declares that the most valuable 
service which science has been able to render in this cormec-
tion has been the determination of the fields wherein explora-
tion is hopeless. Iowans will do well to remember that, even 
in a state as munificently endowed as theirs, there are some 
things and some favoring conditions which Nature has failed 
to provide, there are some drafts on Nature's apparently lim-
itless bounty which must go unhonored, there are some 
enterprises looking to the development of natural resources 
which in the very condition and structure of things are abso-
lutely hopeless. Let them rather reserve all of their capital 
and energies for the development of the splendid resources 
which do exist and not waste any in the useless search for 
geological products which all enlightened experience shows 
could not, by any known possibility, be developed in the state. 
It is a pleasure here to acknowledg:e the obligations of the 
Iowa Survey to the Director and officers of the United States 
Geological Survey. The national survey bas practically fin-
ished the topographic work in northeastern Iowa and has 
thus rendered a service to the geological work in our state, 
of value more than can be easily estimated. The correct 
mapping of the geological formations in the driftless area 
would be altogether impossible without topographic base 
maps, and the preparation of such maps by the Iowa Survey 
would mean the expenditure of large sums of money and long 
periods of delay before work in any part of the driftless area 
could be undertaken. It is therefore to the generous co-op-
eration of the national survey that we are indebted for the 
~8 
timely appearance of the Dubuque county report. The map-
ping of the geology and the presentation of the report in 
intelligible and acceptable form became possible only through 
the use we were permitted to make of the United States top-
ographic sheets. 
For some years we have been in correspondence with the 
Soil Division of the Department of Agriculture at Washing-
ton, looking to the organization of Soil Surveys in Iowa, but 
heretofore, owing to the limited congressional appropriations 
for such work, it bas not been pm;sible to send a party into 
this state. There is now a fair prospect that this work can 
be begun here and that typical areas of Iowa soils may be sur-
veyed under the direction of the Chief of the Division, Mr. 
Milton Whitney, during the coming summer. The work will 
be of the highest practical advantage to the farming interests 
of the state. 
While the museum collections have grown to some extent, 
t.here has been no systematic effort during the year to make 
additions simply for the sake of building up a museum, and 
this for two reasons. First, we have no space in which to 
make a display of material, and if it were collected, it would 
merely remain stored in the packing boxes. Second, the 
making of collections of any considerable size in the field in-
volves expense of time and money, neither of which can well 
be spared. Small specimens, when necessary, are taken for 
study in the office and the laboratory; but making collections 
on any large scale means extra time in the field, the employ-
ment of teams to bring the m::tterial to the railway, as well 
as careful packing before the material can be shipped, and 
some extra force to care for it when it reaches the office. 
Without much expense or effort we are accumulating a ref-
erence library of the highest importance. Our exchanges 
with working geologists and scientific societies and organiza-
tions of various kinds have brought a large volume of litera-
ture of great value, without which research work in many 
lines could not be undertaken. The scope of the ground 
,--
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covered by the regular exchanges may be inferred from the 
following list : 
Anales del Miseo Nacional de Buenos Aires. (Buenos Aires.) 
Atti della Societli. Italiana di Scienze Naturali e del Museo Civico do Stor ia 
Naturale in Milano. (Milano.) 
Annals of the S luth African Museum. (London .) 
Annals onhe New York Academy of Sciences. 
American Mining News. (New York .) 
Bulletin de la Societe Beige de Geologie. (Bruxelles.) 
Bulletin de la Societe Geologique de Normandie. (Havre.) 
Bulletin de la Commission Geologique de Fiudlande. (Heldingfors.) 
Bulletin du Museum V'Historie Naturelle . (Paris.) 
Bulletin of the Geologieal Institute of the University of Upsala. (Upsala .) 
Bulletin Sociele Neuchateloise des Sciences Naturelles. (Neuchatel.) 
Bulletin of the Buffalo Society o·f Natural Sciences. (Huffalo.) 
Bulletin of the Chicago Academy of Sciences. (Chicago.) 
Bericht libel' die Thli.tigkeit del' St. Gallischen N aturwissenschaftlichen Gesell-
schaft. (St. Gallen.) 
Bergens Museums Aarbog. (Bergen.) 
Beitrli.ge zur Geographie des Mittleren Duelschland. (Leipzig.) 
Black Diamond. (Chicago.) 
Brick. (Chicago.) 
Corso di Geologia di Antonio Stoppani. (Milano.) 
Communicacoes da Vireccao Dos Trabalhos Geologicos de Portugal. (Lisbon. 
Coal Trade Journal. (New York.) 
Clay Worker. (Indianapolis.) 
Cement and Eugineer ing News. (Chicago.) 
Clay Worker. (Chicago.) 
Geognostische J ahreshefte. (Miinchen.) 
Jahresberic.ht der konigl. Bomischen GeselJschaft der Wissenschaften. (Prag.) 
Le Globe. (Geneva .) 
Memoirs and proceedings of the Manchester Literary and Philosophical Society 
(Manchester) . 
Mittheilungen des Naturwissenschaftlichen Vereines fur Steiermark. (Graz.) 
Memorias y Revista de la Sociec1ad Cientifica. (Mexico.) 
Materialien zur Geologie Russlands. (St. Petersburg.) 
Mines and Minerals. (Scranton.) 
Mining and Metallurgy . (New York.) 
Mining, (Spokane . ) 
North of England Institute of Mining and Mechanical Engineers. (Newcastle-
upon-Tyne.) 
Pl'oceedings of the R 'lyal Society of Edillburgh. (Edinburgh.) 
Proceedings of the Geologists' Association. (London.) 
Proceedings of the Royal Society of Victoria. (Melbourne.) 
Proceedings of the U. S. National Museum. (Washington.) 
• 
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Proceedings of the Indiana Academy of Sciences . (Indianapolis.) 
Proceedings and Collections of the Wyoming Historical and Geological So-
ciety. (Wilkes-Barre.) 
Proceedings of the Rochester Academy of Sciences. (Rochester.) 
Proceedings of tha California Acaoemy of S:liences. (San Francisco.) 
Proceedings of the Philosophical Society of Glasgow. (Glasgow.; 
Societa Geogratica Italiana Bollettino. (Rom a.) 
Sammlungen d~s Geologischen Rbichsmuseums in Leiden. (Leiden.) 
Sitzungsberichte del' konigl bomischen GeselIscbaft del' Wisseuschaft en. 
(Prag.) 
Stone. (New York.) 
Transactions of the Royal Geological Society of Cornwall. (Penzance.) 
Transactions of the Edinburgh Geological Society. (Edinburgh.) 
Transactions of the Australasian Institute of Mining Engineers. (Melho urn e .) 
Transactions of the Connecticut Academy of Arts and Sciences. (Ne w 
Haven .) 
Vierteljahrsschrift del' N aturforschenden Gesellschaft in Zurich. (Ziirich.) 
Verhandlunge del' Russisch-Kaiserlichen Mineralogischen Gesellscbaft. (t:i t. 
Petersburg. ) 
Zeitschrift der Deutschen geologischen Gesflllschaft. (Berlin.) 
Publications are received from the following countries: 
England, Scotland. Germany, Austria, Hungary, Bohemia, Switzerland , Bel-
gium, France, Italy, Portugal, Russia. Sweden, Finland, Mex ico, Argen ti ue Re-
public, South Africa, Victoria and New South Wales, Australia. 
During the past year the following Geological Survey reports have bec n r eo 
ceived: 
Maryland Geological Survey, Allegany County . 
West Virginia Geological Survey. Volume 1. 
Geological Survey of A.labama.. Bulletin No . 68. 
Geological Survey of Alabama. Report on the Warrior Coal Basin. 
The Geological and Natural History Survey of Minnesota. Volume V . 
20th Annual Report of the U. S. Geological Survey. Parts I -VII. 
Western Australia Geological Survey. Bulletin No .4. 
Records of the Geological Survey of New South Wales. 
Jahrbuch del' Konigl Preussischen geo logischen LandesalJstalt u nd Bergaka-
demie. Vols. XII-XIX. 
Your attention is invited to the Reports of other officers of 
the Survey having the charge and administration of special 
lines of work. 
I have the honor to remain, gentlemen, 
Yours very respectfully, 
SAMUEL CALVIN _ 
• 
REPORT OF ASSISTANT STATE GEOLOGIST. 
IOWA GEOLOGICAL SURVEY. } 
DES MOINES, December 30, 1900. 
My DEAR SIR-I have the honor to submit the following 
report for t he period since I entered upon my duties the firs t 
of Aug ust. During that month I shared with Mr. Wilder the 
work of the office including the task of getting Volume X. 
through t he press. Since his departure I have had charge 
of the office and my time has been devoted to the regul:;tr 
duties of the place. 
Early in September the printing of the Bulletin on the 
Grasses of Iowa was commenced and has gone forward as 
rapidly as possible. 
As in past years numerous letters have been received by 
the Survey asking for information regarding the mineral 
resources of the s_tate. There have also been inquiries as to 
whether or not conditions in certain localities were favorable 
for finding coal, artesian water and other minerals. Not a 
few of these letters come from outside the state from those 
who are looking for favorable opportunities of investment. 
The work of the Survey in furnishing this information regard-
ing t he mineral resources of Iowa is an important one and 
that it is appreciated is shown by the letters received. 
The demand for the reports of the Survey continues and 
has been so great t hat the Sll pply of all the earlier volumes 
is now nearly exhausted and they are to be had only by pur-
chase. In order to show to whom the reports go it may be 
sta t ed t hat during the last few months entire or partial sets 
have been furnished to several large New York smelting and 
31 
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mining companies; a public library in New Jersey; Mining 
School in Ontario, Canada, and School of Mines in a western 
state. Very respectfully, 
To PROFESSOR SAMUEL CALVIN, 
State Geologist. 
A. G. LEONARD, 
,--
REPORT OF PROF W. H. NORTON, IN CHARGE OF 
ARTESIAN WELLS. 
Dr. Samuel Calvin, Di1'ector, Iowa Geological SU1'vey. 
DEAR SIR-I have the honor to make you the following 
report of the work done at this office during the year now 
ending. With the wider knowledge of the work of the Sur-
vey there is an increasing number of applications for infor-
mation in the department of deep wells and water supply. 
Our correspondents are artesian well contractors, city coun-
cils, railway superintendents, the owners of large farms and 
industrial plants. To answer these inquiries as to the depth 
at which water may be found in all parts of Iowa, its prob-
able quality and quantity, would require far more time than 
is at our disposal were it not for the large amount of infor-
mation at hand, gathered in the previous work of the Survey. 
While the maps and charts that have already been prepared 
. are of the greatest value, they do not take away the need 
of a careful investigation of each individual case presented. 
The following is a nearly complete list of those who have 
consulted the office this year, together with the locality, 
whose artesian conditions were asked for: 
Chicago and Great Western By .. .. . .... . .. . .. . .... Shannon City. 
State Board of ControL ....... .. .... . . . ... .......... Cherokee . 
Keoknk Canning Co ... . ......... .. .... .. ... .. ... ........ Keokuk. 
M. E. Sqnire . . .. .... .. .. . ................. .... . . .... .. . . Osceola. 
Chas. E. Bigham ... ... ...... . .. .. . .. ........ . . . ... ..... Cambria. 
J . F. McCarthy, Artesian Well Cont'r, Minneapolis ... ... Sumner . 
J. P. Miller & Co."" C,hicago .. ........ Waukon. 
U. S. Ge()\ogical Survey, Washington .................... General. 
City Council. ....... . ...... ... ... . .. . . .............. Mount Ayr. 
" .............................. .... .. ... West Liberty. 
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City Council ........ . .... . .. . .. . .. . ......... . ......... Hampton . 
.. . . . . ... . ..... .................. . .. .. . Bloomfield . 
.. . . .... . . .. . . . . . . . . . . . . . . . . . . . . . . .... . . Mason City. 
" ........ . ........................... . ..... Sumner. 
Information was obtained by correspondence or personal visit 
with regard to wells sunk recently in Dubuque, Tipton, Ana-
mosa, Iowa Fall!?, Newtbn, Sioux City and Burlington, besides 
a number of the towns noted in the list of correspondents. 
In two instances it was thought necessary by city councils 
to have an investigation of the problem on the spot. I was 
thus called during the year to Hampton, to consult as to the 
advisability of continuing the boring of the city attesian to 
greater depths; and to Mason City to advise as to best meth-
ods of increasing their water supply in order to meet the 
increasing population. In all instances we have met the 
most hearty appreciation of the work and service of the 
Survey. 
I have the honor to remain, your most obedient servant. 
WILLIAM HARMON NORTON. 
Cornell College, December 31, 1900. 
REPORT · OF DR. S. W, BEYER. 
DES MOINES, Iowa, December 31, 1900. 
My DEAR SIR-I have the honor to report the following 
work carried on under my direction during the year ending 
December 31, 1900. During the spring months my time was 
largely devoted to compiling the Mineral Statistics of the 
State·. This work, as in former years: was carried on in con-
junction with the Division of Mining and Mineral Resources, 
of the United Rtates Geological Survey. The statistics for 
Clay were collected by the Federal Census Bureau and could 
not be collated and reduced i.n time for publication in Vol-
ume X. 
The summer field season and such other time as could be 
spared from my College duties was devoted to work on the 
geology and technology of the clays of the state. In thi~ 
work I was ably assisted by Mr. I. A. Williams on the meth-
ods of clay-working and clay-working machinery; by Pro-
fessor A. Marston on the testing of clays and clay products; 
and professor J. B. Weems on the Chemistry of clays. The 
geological work is well along and could be completed at an 
Barly d'ate. The same is true of the (,ests of clay products. 
The chemical work is progressing rapidly and satisfactorily, 
while the testing of clays is little more than begun owing to 
lack of ways and means. It is the hope of those intrusted 
wi.th the work on clays to bring it to completion during the 
current year so that the repol't will be ready for publication 
in Volume XII. Respectfully submitted, 
Your obedient servant, 
S. W. BEYER. 
To PROFESSOR SAMUEL CALVIN, Stat"! (}eoloqist. 
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REPORT OF DR . J . B. WEEMS . 
AMES, Iowa, January 3, 1901. 
Professor Samuel Calvin, Di1'ector, I owa Geological Sm'vey, Des 
Moines, Iowa: 
My DEAR SIR-I have the honor of presenting the follow-
ing report for the chemical work of the Survey during the 
past year. The analytical work is shown by the following 
outline: 
Clay, chemica l a nd rationa l analysis. . ... . ' . . . .. .. .4 samples 
Limestone ... . . .. . ... . . . . . ... .. . .. .... . . .. . . .. .. . . .. . . 2 sampl es 
Uoal. .. ... . .. . . . . . .. . . . . ...... . .. . . . .... . . .. . . . . . . . . .. 1 sample 
Water, lie termination of calcium sulphalt: ...... . .. . .. 1 sample 
GypSUlLl ... ..... . . . . . .. . . . ... ... . ..... . . . . . .. ..... .... . 1 sample 
Min eral s, qua litative test ~ .. . . . . .... . ... .. . ... . ... ... .. t sample 
Minerals, determination of irou . . . ... . . . ... ...... . .. . .. 1 sample 
At present we have under investigation fifteen samples of 
clays. These s;1,mples are connected with the Clay in vesti-
gation of the Survey. The prospect for the chemical work 
in the clay investigation during the coming year promises 
well. 
It is also hoped that during the coming year, it will be pos-
sible to begin the work on the Soil investigation, which will 
be of special interest in many respects besides its chemical 
relations. Another investigation which I hope will be com-
pleted during the year is a comparison of the methods which 
are at present used for the" rational analysis" of clays. 
Respectfully submitted, 
36 
J . B. WEEMS, 
Chemist. 
MINERAL PRODUOTION OF IOWA. 
IN 1900 
BY 
S. W. BEYER. 

• 
VALUE OF MINERAL P R ODUCTION. 
1899. 
Coal . . ... . .... . : .... ... .. .. . . .. ..... . ....... . .... . . $6,1 37,576 
Clay (Federal census) .... .. . .... .. . . .. . . .. ... . . .... . 
Stone ............ . .. . ...... . . ... ..... .. . . .... . . ... . 
Gypsum ......... .. . .. . . .... . ...... . . .. . . ... . .. . . . . . 
Lead and zinc . .... ...... . ... . .... . . . .. .. ... . ..... . 
Iron ore .... . ... . . .. .. . .. . .............. . .. ...... . . 
Total value .. .... .. .. . . . .... . ...... . ...... . . . .... $ 
1900. 
809,924 
600,000 
50,542 
3,465 . 
Coal .. ... . . . .... . .......... . .. . ' ...... ... .. . ...... $ 6,977,46(] 
Clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .... .. . . .. 2,395,488 
Stone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 604,88& 
Gypsum . . . . . . . . . . . . . . . . . . . . . . . . . . .. ...... . . . . . . . . :393,750 
Lead and zinc . ..... . ...... .. .......... . . . ..... .. . 22,194 
Iron ore .. . . . .. . . . .... . . . . . . . . .. ... . .. . ... . ....... 5,877 
Total value . ... . .. .. .. . .. ... . . . .... ... " .... . . . . . $10,401 ,661 
MINERAL P R ODUCTION IN IOWA F OR 1900. 
B Y S. W . BEYER. 
The great industrial activity inaugurated early in 1899 in 
the mineral industries continued unabated throughout 1900 
save in the development of lead and zinc properties. The out-
--put of stone also shows a marked falling off due almost wholly 
-to the lull in Mississippi river improvements. Des Moines 
county produced scarcely 20 per cent in 1900 of the amount 
of stone marketed by her in 1899. The gypsum ma:ciret.was 
not quite as brisk as during the preceding year. Most·of the 
mills were able to fill their orders by running a single shifL 
-while during 1899 double shifts were quite t he rule. 
• 
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As during preceding years the gathering of mineral statis-
tics was carried on jointly by the State and Federal Surveys. 
Most of the original requests were sent out from Washington, 
while the task of looking up the delinquents devolved largely 
upon the local office. 
TOT AL PRODUCTION. 
The value of the mineral production in 1900 was $10,401,661, 
distributed as follows: 
MINEIlALS. ai ~" 0'" ::: <:) ~ .::: > 0'"0 
Coal . . ......... ..... . .. ............... .. .. . . . . .... ............. S G,977,466 231 
Clay .. . ............. .. .. . ................. ... ................. . 2,395,488 381 
Stone ........... ... .. . ...... . ......... . .. . .. . . . ......... . . . . . . . 604,886 170 
Gypsum ... . ...................... .. , .... . ................ . ... . 398,750 7 
Lead and zinc . .... ........ ..... ........ . ...... .. ........... . .. . 22,194 6 
Iron ore ......... .. .. . .... .. ............... . ...... . .... .. .. . . . 5,877 1 
TotaL .............. .. ... " .... . ............................ . $ 10,401,661 796 
According to the best information available the production 
for 1899 was: 
MINERAI_S . 
• Coal .................... ........... ........... .. ...... . ...... .. . $ 
Clay (estimated)* ............... , ........ . .. .......... . ....... . 
Stone ........ . .. . . . .... .. . . . .... .... ...... .. ...... .. ......... . 
Gypsum (estimated ) ............ .... ..... . .............. . ...... . 
Lead and zinc .. ......... .. ..... ....... .......... .. . . ......... . 
Iron ore ...... ... . ....... . ............... . .................... . 
6,137,576 
2,275,000 
809 ,924 
600,000 
50,542 
3,465 
203 
360 
175 
6 
9 
1 
Total .... ...... ....... ... ....... ... . . ................ . ....... S 9,976,fi07 754 
The total mineral production is shown by counties in table 1. 
*The returns (or 1')00 show that the estima te (or day published in the Tenth Annual Report was · 
too high . 
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TABLE I. 
Tolal mineral production by c01mties. 
ai 
::s 
>. 
a5 0 
<C 1'1 0) OOUNTIES. 0 oS E 1'1 
<' '0 III .! 
"3 OJ OJ 03 OJ <' 0 ~ 00 ~ 0 0 ;g 0 E-i E-i E-i E-i 
Adair .... . ....................... $ 9,560........... ...... $ 9,560 
Adams ............ .... .. $ 22,522 10,518 $ 1,250.. .... .. . 34,040 
Allamakee . ... ... .. .. . .. .... . . .. . 19.590 ......... $ 5,877 34,389 
Appanoose........... .. 1,129.881 . 8,480 ..... ... ........ 1,138.491 
Benton....... .......... .. . . . .. ... 17076 4,285......... 21,361 
Black Hawk............ ..... ...... 15,850 15,231......... 31,081 
Boone.. .... .. .... .... . 485,081 33,472 . .. . . . ... ....... . . 518,553 
Bremer...... .......... .... . ....... 4,100......... .... ..... 4.100 
Buchanan....... .. .... .... ....... ........... . .... ..... . ........ . . ... ... .. . 
Buena Vista......... .. . .......... 14,813 . . .. . . . .. ..... . .. . 14.813 
Butler................. . . ...... .... ... .. .... .. ....... .. .... . ............... . 
Calhoun............ .... ............ 11.000 ........ ......... 11.000 
Cass... . . .............. ...... . ..... 5,275 .... . .. .. . .. ...... 5,275 
Carroll ....... ,........ ........... . ....... . . . .... ..... ..... ... . 
Cedar.................. ............ 8.141 89.824........ 97.065 
Cerro Gordo............ ........ . .. 88,135 15.330......... 103,465 
Cherokee........ .. ... . ... .. ...... . .... .. ................ . .. . ............. . 
Chick asaw ............ .. ....................... . .... .... ...... , ......... . ... . 
Clarke....... .......... .. . ......... 170,580 .. ....... ......... 170,580 
Clay .. . ......... .. ....... .... .... .. ..... . ... . .................. . ......... . 
Clayton . . . . . . .. ... . . . .. ........ .... 8,050 ....... . .... ,. . . 8,050 
Clinton........... .... . .. ......... 22.980 1,829......... 24.809 
Crawford............... .......... .. 7.925 ... .. ... .. .... 7,925 
Dallas................... 30.532 68.132... .... .. ......... 98.664 
Davis .... ... ..... ...... 705 1,090 ........ ........ 1.885 
Decatur.. .. ............. ........ .. .. 8,760 1.358.. .... ... 10.118 
Delaware ..... .............. ... .. , 5,430 1,300 ........ 6.730 
Des Moines........... .. ..... ...... 19,950 27,972..... ... 47,922 
Dubuque..... .. ....... ...... ...... 32,6.')0 35,375 22,194 90,219 
Fayette....... ......... ............ 12,380 11,118 .. ...... . 23. 498 
Floyd.... ...... ....... . . .... ....... 6,715 2,200...... 8,915 
Franklin.. ... .. . . .... .. .... . . ..... . 2.240 ... . .. ... . . . .... .. 2,240 
Fremont.. ... ........... ............ 13.957......... ........ . 13,957 
Greene. . .. . . . . . . . . . . . 30,009 16,770 .. . . . ... , ..... .. . 46.779 
Grundy .... ...... ........ ...... .. 3.100 .. .... . .... .... 3,100 
Guthrie..... ... ... .... ........... . 3~.895 . ........ . . , .... 33,895 
Hamilton........ ... ... ............ 62,11 4 1,874 "'," . . . 63,988 
Hancock..... .......... .... .... ... ..... . ...... . ............... ..... .. ..... . 
Hardin.... ............. ............ 25.458 7,925......... 35,383 
Harrison. . . . . . . . . . . . . . .. ... ........ 14.838 . . . . . ... . . . . . . . . 14,83!:! 
Henry ........ .. . ... .. . . . ..... ... . .. . 23,089.. .. .... ........ 23,080 
Howard .... ..... ... . ................ . ............ .. 1.821......... 1,821 
Humboldt . ... ..... . .. .. . ...... ... .. .. .......... 5,400 . , . .. . .. . 5,400 
Ida .......................... .................. . ...... . .. ... .............. . 
Iowa.... ...... .. ... .. ... .. ... ....... 29,102......... .. ... .... 29,102 
Jac;kson.... .... ....... ....................... 60.52.5 ...... '" 60,525 
Jasper. .. ... ... .. .... 135412 22.125 ... ..... ......... 157,537 
Jefferson. .. ........... 6,063 16.272 . . . . . . ... . . ....... 22,485 
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TABLE 1. -CONTINUED. 
Total mineral production by counties. 
.,; 
~ 
COUNTIES. 
~ cD 0 OJ c ~ o:! 
.8 c 0 <l o:! 
'" 
!lJ 
'3 Ol ] al 0; '" .. !lJ ... 0 0 0 ~ 0 ~ ~ ~ ~ 
Johnson ........................... $ 24,425 $ 3,780......... • 28,205 
Jones.......... ........ ............ 12,295 84,718......... 97,013 
Keokuk ............. ... $ 306,887 28,264 2,196 ..... ... 337347 
Kossuth................. ............ 1,950.... . .... .. .. ..... 1,950 
Lee...... ...... .... ... 1,600 8.510 40.652 . ........ 50,762 
Linn............ ....... ............ 41,595 27,676......... 69.271 
Louisa...... ........... ... ........ 10,220 2,196......... 12.416 
Lucas. . . . . . .. .... ...... 292,090 5,300 .... . . . . . ......... 297.390 
Madison.... . . ... ... . ... ............ 3,600 4.409 .. .. . . . .. 8 009 
Mahaska.... ........... 1,337,548 52,705 1,165......... 1,391.418 
Marion........ . ........ 233,597 16.375 6,755....... .. 256.727 
Marshall.... .. ......... ... ......... 33.236 44.185 .... . .... 77421 
Mills.......... .... .... ... ........ 19,.550.... ..... .... ..... Ui.550 
Mitchell. . . . . . . . . . .. . . .. ....... .. .. . ............ . .... .... .... .. . . . 3,663 
Monona .................................................................... .. 
Monroe.... . ........... 851.252 3,575 3950......... 858.777 
Montgomery.. ......... ............ 28.795 1.125 . ...... .. 29,920 
Muscatine.............. ...... ..... 28,228......... ......... 28.22H 
O'Brien .................... . ...................... . .. .......... .... .. ..... ... . 
Page.................... 1.450 23.000......... ......... 24,450 
Plymouth ............. . .. .... . .. ............... . ..... ......... ..... . ... ..... . 
Pocahontas. ... . . . . . . .. . ....... _ . . . ..... ..... . .. .. ................ .. . . .... .. . 
Polk....... ........... 1,300,636 373.486......... ......... 1674,122 
Pottawattamie.......... ............ 70,965 .... .. .. . ..... .... 70,965 
Poweshiek..... ......... ............ 13,140......... ......... 13,140 
Ringgold................ ....... ..... 7,700......... ......... 7,700 
Sac,. ......... ........ ...... .... .. ..... ...... . ..... .. . .. .. ............... . 
Scott.............. .. . .. 48,932 57,010 49,425 -... .... . 155.~67 
Shelby....... ... ...... ............ 16.950......... ......... 16,950 
Sioux................... ............ 6.400......... ......... 6,400 
Story. . ....... ... ... . .. 8,600 23,656 .... .. . .. .... ..... 23,656 
Tama ... .............. ........ .... 56,350 230......... 56,580 
Taylor.... . ..... .. ..... 35,658 11,075 .... .. . .. ......... 46,733 
Union.................. . ........... 12.570....... .. ......... 12.570 
Van Buren............. 14,393 18,319 445......... 33.157 
Wapello .... _. .......... 349,651 42,280 14,286 ......... 406,217 
Warren.......... ...... 37,857 1,990....... .. ... ...... 39.847 
Washington.... ........ ............ 24,456 3,006 ..... .... 27,462 
Wayne........ ........ 83,558 10,080 ....... . ......... 93638 
Webster.. ....... .. .. . .. . 233,462 155,492 5,175 393,750 787,879 
Winnebago ........ . ......................................................... . 
Winneshiek ........... , ..... . ...... 5.300 .... .. . .. ......... 5.300 
Woodbury...... ........ ............ 146,293......... ......... 146,293 
Wright................. ..... .... ... 15,9.')8 ......... ......... 15.91\3 
Single producers . .. ..... (2) 2,395 (16) 81,958 (16)22,919 ...... , .. ........ . .. . 
Estimate ............... ....... ..... (7) 41i,OOO ............................ .. 
1-----1---·-----. ----------
TotaL ... ..... ... . $ 6,977,466 $ 2.395.488 $ 604,886 $ 421,821 $ 10.401.061 
COAL. 48 
COAL. 
The coal trade continued brisk notwithstanding the mild 
winter of 1900, and the price increased throughout the year. 
·The operators were ablE' to benefit from the good times which 
they were not fully able to enjoy because of early contracts 
during the preceding year. This prosperity was not monop-
olized by the operators but was shared with the miners. The 
wage scale was higher than for any year in the last decade. 
The average price per ton was nearly 10 per cent higher 
than fo.r 1899 and the total tonnage increased nearly 3 per 
cent. There was a notable increase in the number of men 
employed and the average number of days worked was not 
very different from the preceding year. Prospecting and 
·exploration in several of the old districts and many new fields 
were vigorously prosecuted throughout the year. Tbe most 
important results were obtained in Polk, Jasper and Monroe 
-counties. 
Table II gives the total tonnage, average price per ton, 
iotal value, number of mines producing, average number of 
·days worked and number of men employed, arranged by 
-couuties. No attempt was made to keep separately the vari-
ous sizes of coal put upon the market. Mine run, nut and 
steam coal are included in the total. This fact must be kept 
in mind if an analysis by counties be attempted. The Center-
ville district produces almost no slack and the average price 
given would be for lump coal, while the Des Moines-Oskaloosa 
district puts upon the market about 30 per cent "steam coal. " 
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TABLE II. 
Coal output by counties. 
...... . 
al 0'0 al 
.'0 <:,) . ~ 
oal 
.;:: 00 6 
ai ~ Z-a z~ .... al° ~. alci al8 COUNTIES. 
'" ~ bIl~ ........ a5 bIlO bIlal ~'" oal ~ ~~ ~~ <:,) 0 ~~ ~~ '0 0 ~ alal z'O 0 ~~ ~8 !i'O ~ > 
Adams .. .............. .. .. . ..... . 12 12,146 $ 22,522 $ 1.85 170 99 
Appanoose ........... ... ... . . .... 49 734,698 1,130,762 1.54 190 2,561 
Boone . . . . .......... ... . .. ........ 12 288,742 485,081 1. 68 206 856 
Dallas ........................... 4 16,521 30,532 1.85 200 64 
Davis* ... ... ... .... ... . . . .... .... 1 . ......... ...... ...... 
Greene ..... . ...... . .............. I'> 17,044 30,0(9 1.75 165 67 
Jasper ... .............. . ....... . .. 8 100,256 135,4U 1.35 238 221 
Jefferson ...... ' ... ... . ... . .. . .... 2 3,650 6,063 1.66 15( 12 
Keokuk ....... . ...... .... ........ 7 227,727 306,887 1.35 270 388 
Lee* ...... .... ... . .. •••••• •••• 0 , 1 ... . . , ... , ..... , ...... 
Lucas 2 221,922 292,090 1.32 240 378 
Mahaska: : : : : : : '. : : : : : : : : : : : : : : : : : 22 1,098,617 1,337,548 1.22 254 2,016. 
Marion ............... . ..... ... .. 20 209,223 233,597 1.12 231 462 
Monroe .......................... 10 772,457 871,252 1.12 256 1,596 
Page ...... . ... .... . ............. 2 600 1,450 2.42 120 7 
Polk ........ ' . . . ... . ..... , .... 21 851,667 1,300,636 1.53 226 1,566 
Scott ............... . .. .......... 7 28,728 48,93~ 1. 70 182 97 
Story ......... ... .. , ...... . .. . .... 2 3,200 8,600 2.68 100 18 
Taylor ........ ... .. ..... ........ 3 17 ,829 35,668 2.06 24fi 60 
Wapello ..... . ................... 13 270,330 349,651 1.29 266 529 
Warren ..... ... ...... ..... .... . .. 8 27,824 37,857 1.36 202 68· 
Wayne .. ........ ...... .... . .... . . 3 54,503 85,558 1.53 190 182 
Webster ....... .. ... .. ........... 19 135 ,661 233,462 1.72 210 333: 
------- ---- -- -----
Total ...... . .. ........... , .... 231 5,105,151 $ 6,977 ,466 $ 1.37 228 11 ,601 
The average number of days worked and the number of men 
employed during the past nine years, according to the best 
information available, was as follows: 
YEARS. 
8'" g~-c 08 . 
'" - Q) 
.... '0 
bIlo...: O)alO) 
os .... .c 0 ..... 
........ 0 SalO ~15 ~ :I 8"P.. 
<!l Z 
1892 ......... ...... . . ..... . ........ . .... . ................... . .. .. . 236 8,170 
1893 ........... ............................................... .. 204 8,863 
1891. ......... . ......... .. ..... ... .. . .................. .. . . .. .... . 170 9,995 
1895 . .. ........... . .. .. .......... . ... . ............................ . 189 10,066 
18fl6.. .... . .. . . ......... .... ..... . ....... .. . . ..... ... .. .... ... . . 178 9.672 
1897 .... . ............... . . ........... .. .. . . .. . . .................. . 201 10,703 
1898 .... ... . ... .. . .................... . ........... . ............. . 218 10.256 
1899 . . . .................... . .... . .. . .......................... . 229 10,268 
1900... . .. ...... .. .. ....... . . .. .. . .... . ........... .... .... . 228 11,601 
-Single prod ucer. 
CLAY OUTPUT. 
The United States Geological Survey has not yet made 
public the Mineral Statistics for 1899 and it is impossible to 
give Iowa's rank as a coal producer for that year. In 1898 
the state ranked eighth in tonnage and fifth according to 
value of output. These figures would scarcely be changed 
for 1899 and 1900. 
Table III compares the output for 1900 with the output for 
t.he six preceding years: 
TABLE III. 
00 
>< 
.£ 
YEARS . ..., 
... 
oi 0;,' A.UTHORITY. 
'" 0 .S 0; 
..I:l ... p.-rJ) p.. 
1894 . .. ... . . .. ... ....... ..... 3,967,253 $ 1.26 $ 4,999,939 U. S. Geol. Survey 
1895 ....... ...... . .......... 4.156,074 1.20 4,982,102 U. S. Geol. Survey 
1896 .... . ...... . ..... . ... . .... 3,954,028 1.17 4,62M,022 U. 8. Geol. Survey 
1897 .... . .. . . .. . . .......... . .. 4,611,865 1.13 5,219,503 U. S. Geol. Survpy 
1898 .... . .. . .......... ' " . . . .. 4.618,842 1.14 5,260,716 U. S. Geol. Survey 
1899 ......... . . . . ............. 1.25 6,137.576 Iowa Geol. Survey ~,928.477 
190 1 l 1 , .. .. ........ o 0,105, 5 .37 6,977,466 Iowa Geol. Survpy 
CLAY OUTPUT FOR lOW A 1900. 
The clay output for Iowa for 1900 shows a healthy increase 
over preceding years. Every department of the industry 
shows an increase save paving brick and burnt clay ballast. 
In the manufacture and sale of paving brick there is a marked. 
falling off, probably due to our defective paving laws and the 
activity of the asphalt people. The total value of clay goods. 
marketed during 1900 approximates $2,400,000, distributed as. 
follows: 
T HOUSANDS. VALUES. 
Common brick . .. . . . .... . ..... . . . . . , .... 226,156 $1,462,89;; 
Front brick . . . . ,." ... , ", ., .,",.,. , .... 10,018 91682 
Vitrified paving brick .. , . . , .. .... .... . ' . ~ 11,870 129,677 
Ornamental brick." .. . , .. . .... " .. . . . . , . 1,950' 
Fire brick , . .. . .. , , . . . . . . . . . . . . . . . . . . . . . . . 2,795-
Stove linings .. .. .... . .......... . ..... " . . 
Drain tile ... .. . . ... . . . ..... ... ... .. . . . .. . 
Sewer pipe ... . , .... ... . .. , . . . ...... . . .... . 
Sidewalk block. ... . ....... . .. .. . . . . . . . . 
175 
379,140 
52,452 
2,155-
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THOUSANDS . VALUES. 
Fire proofing .... .... ........... ......... . 31,850 
300 
42,727 
198,080 
no 
Tile . ...... . ........ .. ..... . ............. . 
Pottery ... . ......... .. .. . .. ..... .. .... .. . 
Burnt clay ballast . ..... . ..... . ..... .... . . 
Haw clay .... . . . .............. .. ........ . 
$2,395,488 
The most remarkable increase was in the production 9f 
common building brick, which faithfully reflects the building 
revival. The average price per thousand for common brick 
increased from $5.90 per thousand, in 1898, to $6.47, for 1900. 
A similar increase may be noted in the value of the other 
products. The distribution of clay products by counties is 
contained in table IV, herewit h appended. 
TABLE IV. 
Clay production by counties. 
.,; 
.9 
" $-< 0 
'" 
~ 
" a '3 <.l <.l 0; 
:::I .~ 00 ~.,; a 
.£ '" "C ,D"C <.l"O 0 
.£ 0 
" 
.~ s::l <.l ..... 
COUNTIES. 
"" " os 
-os ..... 0 ..... 0. 0", ,D", o . ",.!Ii 0 
'0 a :::I - :::I ",11 "'I>, CIl 0 c <.l a;; :::1'- Q;; oJ: :::lOS 0 -..<:l ~ ... ~~ 0'" C'" OS,D t;>,D 
Z 0 H I> I> 
* 
.. 
Adair . ... ......... .... ... . . 6 1,506 1,506 $ 9.435 $ 9.435 $ 9,560 
Adams .. .. .. .. ... ... .. . . . . . 5 1,745 1,745 10,268 10,268 10,518 
Appaneose ..... .. .. ....... . 
Audubon . ... .... .... . ..... . 
Benton .. . .............. ... . 
Black Hawk .............. . 
5 2,380 2,905 15,090 19.590 19,590 
2 1,300 1,300 8,300 8,300 8,480 
4 1,983 2,083 12,481 ]3.681 17,076 
2 2,800 2,800 15,850 17.050 15,850 
Boone .. ... .. ....... .. ... .. 
Bremer ... ... ..... .. .. .. ... . 
8 2,913 3,963 18,297 27,672 33,472 
3 600 600 4,100 4,100 4,100 
Buchanan ................. . 1 ... ............ ..... ..... ......... ..... .. .. . 
Buena Vista ... ... ... ...... . 3 849 5,919 5,919 5,919 14.813 
Butler ..... ... ... . .. .... ' .. . 1 ................................... ... ..... .. 
Calhoun ... ....... .. .. ... . . 
Cass .... . .. ...... .. .. ..... . 
3 700 765 5,400 5,950 11,000 
3 890 895 5,275 5,275 5,275 
Carroll. . ... . ............. . 1 ... ....... .. ... ......... . .... ... ........... .. 
Cedar .. ....... .......... . . 
. Cerro Gordo. . . . . . . . . .. . . . . 
Cherokee ... . . .... . ..... ... . 
2 663 663 4,641 4,641 8, 141 
3 4,950 4,950 30,600 30,600 88,135 
1 .................... . ....... ........... .. . .. .. 
·Chickasaw . ... ... ......... . 1 .... .... .................. . ...... ....... ..... . 
Clarke ... ........ ........ . . 
Clay . . ..... . .. ... . 
2 400 400 2,500 2,500 170,580 
1 .............. . .......... .... ........ .. .... .. 
Clayton .. . ............... . 
Clinton . . . .. . ........ .. .. . 
4 1,355 1,355 7,740 7,740 8,050 
4 2,035 2,935 12,380 21,380 22,980 
* Not including fancy and fire brick . 
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TABLE 1 V.-CONTINUED. 
Clay production by cOZinties. 
COU NTIES. 
Crawford .. ....... ........ . 
Dallas .. . ... . .. . . ..... ..•.. 
Davis ..................... . 
Decatur ........... '.' .. .. . 
Delaware .. .. ..... . ........ . 
Des Moines ........... .. .. . . 
Dubuque .................. . 
Fayette .. ...... .... . . ... . 
Floyd . .. ........... , .. . ... . 
Franklin . .. .... . .. .. ... , .. . 
Fremont .................. . 
Greene ......... .. .... .. ... . 
·Grundy ............... .... . 
Guthrie ...... . ..... . ...... . 
Hamilton .. . ... . ......... . . 
Hardin .. . .. ........... ... . 
Harrison .. .. ............. . 
Henry .. .... . .............. . 
Howard ...... .. .... . ...... . 
Humboldt .... .. . .......... . 
Ida .. ...... ....... ... .... . . 
Iowa ..................... . 
Jasper ........... . . . ...... . 
Jefferson ...... .. . .. .. .... . 
Johnson ....... ... ... .. ... . . 
Jones ........ . ............ . 
Keokuk .................. . 
Kossuth .. ................ . 
Lee ........... . ........... . 
Linn ......... . ... .. . . . .... . 
Louisa .......... ..... .. ... . 
Lucas ................ . .... . 
Madison ... .. . .. .......... . 
Mahaska .... .. .......... . 
Marion.. .. . .......... . 
Marshall ................. . . 
Mills ..................... . 
Monona .................. . 
Monroe ............ .. .. ... . 
Montgomery ...... . 
Muscatine ........ . ........ . 
O'Brien ................... . 
Page ............. . . ....... . 
Plymouth .... ...... . ..... . . 
Pocahontas . . .. . .......... . 
Polk ... .. ... .... . ... . .. .. . 
Pottawattamie .. . . . . . .. . .. 
. * Not including fancy and tile brick. 
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~ 1,150 1.200 $ 7,375 $ 7,925 $ 7.925 
10 3,292 4,482 21, 740 32,836 68,132 
3 1'13 173 1.090 1,090 1,090 
5 1,155 1,175 7,800 8,000 8,760 
3 670 720 3,980 4,830 5.430 
3 1.450 2,068 7,500 17,950 19,950 
6 6.365 6,365 32,650 32,650 32,655 
4 1,870 1,870 11,880 11,880 12,380 
2 850 857 6,375 6,461 6,710 
2 313 313 2,100 2,100 2,240 
7 2,070 2,070 13,942 13,942 13,957 
1 .... . .. .. ...... ........ .. 
2 500 500 3,100 3,100 3,100 
7 2,981 2,981 21, 164 21, 164 33,895 
3 5,075 5,075 30,525 30.525 62 114 
4 445 520 2,988 3.588 25.458 
7 2,155 2,155 14.e38 14,838 14,838 
7 1,733 1.733 11,043 11.043 23,089 
1 ............................................ .. 
1 ......................... ......... ......... .. 
] .. ................ .......... ........ .. 
6 3.940 3,940 24,102 24,102 29,102 
7 3,150 3,270 18,675 19,825 22,1~5 
3 910 91~ 6,470 6,470 ]6,272 
6 3,260 3,260 17,075 17,075 24,425 
3 820 820 5,il80 5,380 12295 
71,5481,548 11.040 11,040 28.264 
2 325 325 1,950 1,950 1. 950 
41,645 1.715 7,760 8,510 8,510 
9 5,51~ 5510 35,535 35,535 41.595 
4 1,280 1,280 8.420 8,420 10,220 
3 800 800 5,300 5,300 5,300 
2 550 550 3,600 3600 3.600 
5 3,700 5700 27,555 45.555 52,705 
3 1.700 1,700 14,275 14,275 16,375 
6 4,800 4800 28,400 28,400 33,236 
4 2,800 2.800 19,550 19,550 19,550 
] ...... ...... ........................ . 
3 575 575 3575 3,575 3,575 
6 3,620 3.620 24,265 24,265 28,795 
II 4.140 4,140 23,228 2'l,228 28,228 
J .................... . ............. .. . 
2 4,000 4,000 23,000 23,000 23,000 
1 ................................ . ........ .. 
1 .. ................................. .. 
18 29,454 38,877 211,224 300.786 373,486 
12 11.790 11,790 68.565 70,965 70,965 
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TABLE IV.-CONTINUED. 
Clay production by cOlt11ties. 
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Poweshiek ... . .... ......... 3 875 875 $ 6,310 $ 6,310 $ 13, 140 
Ringgold ................... 4 975 975 6,700 6,700 7, iOO 
Sac .......... .. . ........... 1 . .... . . .... ... . ..... . " . . ........ 
-.' .. .. . . 
Scott . ... ................. 7 8,717 8,717 50425 52,175 57,010 
Shfllby .......... . ........... 3 2,550 2.550 16,950 16,950 16,950 
~ioux .................. ... . 2 900 980 5,600 6.400 6,400 
Story ........ .............. 6 1,621 1,621 12,439 12,439 23.6;,6 
Tama .......... . ........... 7 4,045 5 !J41 26.050 52,350 56330 
Taylor .... . ............ .... 4 1,655 1,655 11,075 J l. 075 11,075 
Union .......... ........... 2 1,nO 1,730 12,110 12,110 12.570 
Van Buren .. ..... ..... ..... 4 950 950 5,875 5,il75 18,319 
Wapello ........ ....... .. . 5 5053 6,154 21,880 39,130 42,280 
Warren ..... . ............... 2 260 260 1,790 1,790 1,990 
Washington .... .. ....... . 5 3,483 3.547 19,254 19,766 24456 
Wayne .... . ... ... . ........ 6 1,490 1,490 9,680 9,68(1 10,080 
Webster ..... ' ....... . . ... . 7 12,600 14,375 75,100 104,565 155,492 
Winnebago ................. 1 ....... . . . ....... . .. .. .. ... . .. .... . ... 
Winneshiek ....... .. .. .... 2 1,000 1,000 5, 300 5,300 5,300 
Woodhury .... ......... ... 6 22,883 25,383 67,355 67,355 146,293 
Wright ...... . ... ... ..... . 4 150 150 1,230 1,230 15,953 
Single Producers .. .. . .. ... 16 7,047 7.287 45,300 47,640 81,!l58 
Estimate .. ... ... . ........ . . 7 .•• .•• . • .. .. . , ,- . . .. . ... ......... . 45,000 
- ---
Total .. . ....•.••...... 381 226,156 251,039 $ 1.462,395 $1,683,754 $ 2,395.488 
* Not including fancy and fire brick. 
1900 was characterized by the opening of a considerable-
number of new plants, some of which were of large .. 
capacity, and the number of idle plants was the smallest . 
in the history of the industry. Plants which had stood idle 
for years were rejuvenated and made to become revenue pro--
ducers. Two new up-to-date plants were opened at Mason 
City during the year. While as in former years the clays and 
silts of the Pleistocene are used very widely over the state, . 
there is a growing tendency to use more and more of the 
shales, particularly those of the Ordovician (Maquoketa 
shales), Devonian (Lime Creek shales), and Coal Measures. 
In 1899 the Federal Census Bureau collected the clay 
statistics and their report has not been made public so that it , 
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is impossible to give the production for that year. In com-
piling the statistics for 1899, the clay production was esti-
mated at $2,500,000 which is now known to have been too 
high. This over estimate was brought about by the greatly 
increased production of common building brick, while due 
allowance was not made for the falling off in the production 
of paving brick. In 1898 the state ranked fourth in the pro-
duction of paving brick and eighth in total clay products. 
During the past two years the rank of the state in total clay 
products probably remains unchanged while she has undoubt-
edly fallen far to the rear in her vitrified products. 
STONE. 
The production of dimension and building stone shows a 
decline, owing, in part at least, to the increasing popularity 
of brick for structural purposes, while natural and Portland 
cements are displacing lime in the more important structures. 
Jackson county is still the leading lime producer. The out-
put of lime for 1900 slightly exceeds that for 1899, owing 
chiefly to the renewal of the industry on Sugar creek in Cedar 
county. The stone put upon the market includes limestone, 
dolomite and . sandstone. The returns show an output of 
$604,886, against $809,924 for the preceding year. The pro-
duction was distributed as follows: 
LD(~;STONE-USED F OR : 
Building purposes .. . .... ... .. . . ... . . ....... . .. . ..... $'.157,1 33 
Paving or road making .... . .. . ... ... .. ..... ......... 1.34,149 
Riprap . . . , . . .. . . . . . . . . . . . . . . . . .. .. . . .. . . . . . . . . . . . . . . 58,490 
Lime .... .. .... ..... ... .. ... . .. ... . .. . ... . ... .. .. . . .. ll1,169 
Other purposes . . . . . . .. . . ... . .... . .... ....... . . . ... . 14,566 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . 9,379 
Total . .. .. . . ... . ... . .... . ..... . .. . . . ..... ... . ... . $604,886 
Table V shows the production by counties and specifies the 
-·various grades of stone put upon the market. 
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TABLE V. 
Production of limestone in I owa in 1900 by counties. 
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Adams (two producers) .. $ 1,250 $ 1,180 $ 70 ... . .... . . ...... . . 
Allamakee . .... .. . .. . . . .................. . ........ . ............ . ... . 
~~~~onno.~~~ ........ .... : :: : :: :: ... 4',285 ... 4:000 :::: :: : : $' .... . [, ~::: :: : : $280 : ::::::: 
Black Hawk ... . ... . . .. .. 15,231 14,060 041 . ..... . ..... .. . ..... $ 630 · 
~c~f:~(t~~~'e' 'ti~~~j::::: .. 89:824 ... 8:864 .. 58:242 .... . 552 $' 22:i66 :::: :::::::: 
Cerro Gordo... ... .. ..... 15,330 9,925 237.. . .. . .. 5.168 ........... . 
Clarke ..... . .... .. ................................ . .......... .. .. .. ........ . 
ClaytoR..... . . ... . ....... 6,286 4,706.... ...... .. . ... 1,580 ... . 
Clinton ............ ' .. . . . 1,829 1,'581 55 193 ....... . 
Decatur... . .... .. ... ... .. 1,358 1,194 24 40 .. . . .. .. ... . 100 ' 
Delaware (two produc<lr~) 1,800 1,300 .............. . ............. . .. .. .. . 
Des Moine~. ....... ... . .. 27,667 11,762 4,236 11 669 .......... . ....... . . 
Dubuque. ...... .. .. .. . .. 35,375 19.972 2,775 3,508 9,120 ........... . 
Fayette... ... ... .... . ... . 10,743 8.543........ 100 .. . .......... . . .... . 
Floyd (two firms). . .. . . . . 2,200 2,200 ..... ..... . .. . ...... . ....... . .. ... . . 
Grundy . .... . ..... ..... ....................... .... . ... ... . ................. . 
Hamilton (two firms).... 1,874 1,874 .... .... ..... ..... ..... . 
Hancock .... . ........ . ......... ... . . . .... .. ........ ..... .... . . ... ..... ..... . 
Harden.... . . ..... ...... 7,925 7,125 250 300 .... .. . . 250 . 
Henry .. ... ..... ... ... . .................... . ........... . 
Howard (two fi rms)...... 1,821 1,805 16 ... . ..... ..... . 
Humboldt. ... .. . .. ... . .. 5,400 5,400 ....................... . 
Jackson . ... . ... .. ..... .. 60,525 475 850 . ... .... 59,200 . .. . 
Johnson................. 3,780 2,050 1,344 370. ... .... . ... 16 
Jones ............ , ...... 84,718 49,962 24,467 1262........ .... 9,021 ' 
Keok uk ...... ...... .... 2.052 1,735 210 107 ...... . .... . 
Lel'............ . ........ 38,737 7,009 18,496. ... .... . .. ......... 45 . 
Linn ............... .. ... 27,676 5,035 8,884 5.757 8000 ... . 
Louisa .... .. .... ...... .. 2,196 1,624 512 60 . ... ......... . ..... . 
Madison ..... .... .. .. .. . . 4,409 4,109 .... .. .. . . ...... 180 ... , 120 . 
Mahaska.... ............ 1,1 65 1,101 64 ........................... . 
Marion...... .. ...... .... 6,755 5, 259 1,152 274 .... ".. .... 70 
Marshall (two firms). . . . . 44,185 23,745 11 ,568 4.672 .... . . .. . ... 4,200 · 
~~t~;~!l,.:::: .. ::::::::::: "'3',950 "'3:575 ·····375 :::::::: :::: :::: :::: :::::::: 
Montgomery. . . . . . . . . . . . 1,125 1.125 ...................... . ........... . . 
Scott.... .. .... .... .... .. 48405 24,087 9,735 14150 125 300 S 
Tama... .. .... ....... .... 230 230 ...... .. ......... . ......... . 
Van Buren. ... . .. .... . . 400 320 ................ , .... .... .. . . 80 . 
Wapello...... ...... .... 14.286 12,244 892 1.150 .................. .. 
Washington ...... . .. ... 3,006 2,527 279 200 ................... . 
Webster.... .. . ..... ... . 225 225 .......... ... ... . ................. .. 
Single producers . . .. .... 18,209 5,430 9,809 .:..:.~~.:..:. _!~501' . . . 20 
Total ....... . ....... . $586.410 $248.866 $153,949 $ 5Q .490 $110.589 $5'30 $ 13.936 
• E. J. C. Bealer; King & Co.; ugar Creek Lime Co. 
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PRODUCTION OF SANDSTONE IN IOWA IN 1900 BY COUNTII!:S. 
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Keokuk.... .. .... ... ...... . .. . ......... ....... 475 125 350 ......... .. . 
Webster ........................................ 4,950 1,200 ~,750 ..... ...... . 
Single producers............................... 4,285 1,103 2,517 515 150 
Total. ..................... .. ........... 9,710 2,428 6,617 515 150 
In 1898 the state ranked nineteenth among the stone pro-
ducers and eighth in the value of its limestone. No later-
figures are at hand. 
The value of the stone produced in Iowa during 1900 and 
the eight years preceding, was as follows: 
TABLE VI. 
1892.... ... . .. .... .... . .... ............. .... .... . 
1893 ... . ...................... . ....... .. . , .. .... ... . 
1894 .... .... . . .... . . ... ... . .. . . ........ . ... .. .... . 
1895 .................. . ... , ........................ . 
1896 .... .... ..... . ............. . ..... . ........... . 
1897 .............................................. . 
1899 .......... , .. . ..... .. ..................... . .... . 
1899 ....... ...... .. ....... . . ............... ..... .. . . 
1900 ............................................... . 
GYPSUM. 
$25,000 
18,347 
11,639 
5,575 
12,351 
14,771 
6,562 
17,239 
9,379 
$705,000 
547,000 
616,630 
449,501 
410,037 
480.572 
557.024 
792,685 
595,507 
$730,OO(}' 
565.347 
628,269' 
455,076 
422,388 
495,343: 
563,586 
809,9~4 
604886 
The gypsum trade continued brisk during 1900 but double· 
shifts at the mills were not found to be necessary to fill orders 
as during the preceding year. Early in the season, owing to 
the installation:of new plants, stucco sold as low as $5.00 per 
ton on board the cars at Fort Dodge and Corbin station. The 
average price for the year would be considerably higher, per-
haps $5.25 per ton would be a conserative figure. The output, 
• 
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for 1900 would exceed 75,000 tons. This includes stucco and 
all grades of plaster. 
THE ZINO INDUS'rRY OF THE DUBUQUE REGION FOR 1900. 
The mining operations in and about Dubuque .were carried 
on less vigorously during 1900 than for the two years preced-
ing. This was in part due to falling prices and in part due 
to writs of injunction; two of the leading companies were 
engaged in litigation during the greater portion of the year, 
and active operations were at a standstill in their respective 
properties. About 2,000 tons of crude zinc ore was produced, 
selling at from $6.50 to $12 per ton, according to quality. 
'The average price being not far from $8, or a total of $16,000 
was received for the output of the district. A portion of the 
ore was milled by the Dubuque Ore Concentrating Company, 
and all of the ore was sold to the Mineral Point Zinc Com-
pany, of Mineral Point, Wis. The ore, as in 1899, consisted 
principally of zinc carbonate, "dry-bone," with disseminated 
particles of zinc sulphide, "jack." Prospecting was carried 
on quite extensively during the year, but chiefly for lead. 
The outlook for 1901 is not specially encouraging, although 
the amount produced will probably exceed that for 1900. 
The price of lead continued better than for zinc, yet the out-
put was not visibly affected. The Waters' smelter reduced 
1,132,226 pounds of galena which was obtained in great part 
from the mines across the river in Illinois. 
Tb:e output of lead and zinc may be summarized as follows: 
Zinc, (carbonate and sulphide,) 2,000 tons ................................. $16,000 
Lead, (sulphide), 495,000 pounds.... ...... .... .. .... . . . . . ....... .. . . . .. .. .. 6,194 
Total . ...... .... . ... . . .. ........ .... $22,194 
IRON. 
The production of iron ore, inaugurated in 1899, shows a 
healthy growth for 1900. New crushing and washing 
::machinery has been installed and plans are being matured to 
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carryon mmmg operations on a larger scale. Shipments 
were made during the year to Omaha, Mil waukee and Chicago. 
At the present time the Waukon Iron Company is the only · 
producer. 
• 
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INTRODUCTION. 
LOCATION AND AREA. 
Louisa county has an area of 360 square miles. It forms 
a broken rectangle extending from township seventy-four to 
township seventy-six north, and over ranges one to :five west. 
The eastern boundary is formed by the Mississippi river 
while the others consist of the lines of the land survey. In 
range :five the southernmost township is cut out and instead 
township seventy-six is added on the north. Counting from 
the south the county is the third abutting on the Missjssippi 
river. Its river front is slightly more than twenty-two miles 
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in length, forming a convex line with its greatest curvature 
to the south. The Iowa river crosses the county diagonally 
from northwest to southeast, receiving the Cedar river as a 
tributary from the northeast. 
EARLIER INVESTIGATIONS. 
The earlier geologists in the west neglected Louisa county 
to some extent. The cause for this is quite evident: there 
are no good outcrops of the indurated rocks along any of the 
larger water courses in the region, and before the land was 
brought under cultivation a greater part of the present low-
land iii were swampy tracts over which it was very difficult to 
travel. . Dr. D. D. Owen* in his report of 1852 relates the fact 
that Mr. B. C. Macy "in tracing the confines of the Carbon-
iferous formation between the Iowa and Cedar rivers, pen-
etrated a region of ponds and swamps through which he 
waded for many days, and contracted an obstinate and danger-
ous intermittent fever." On the map accompanyjng this report 
the lower and the upper series of the Carboniferous lime-
stones are repr~sented as underlying the drift of this region , 
and on page 509 mention is made that this limestone appears 
near the mouth of the Iowa river. Hall t mentions the occur-
rence of the Burlington crinoidal limestone in the vicinity of 
Columbus Junction. The reports of C. A. White contain no 
reference to this county. In the reports of the Geological 
Surveys of Illinois several fish teeth are described that were 
collected from the Burlington limestone in Buffington creek 
by Frank Springer and O. T. St. John. In later years the 
drift has been studied by Mr. Frank Leverett, of the United 
States Geological Survey.t He has traced the outer margin 
of the Illinoian drift plain from its north to its south boundary 
and has mapped an old stream valley extending south and 
* Rep. on Geol. Wise., Iowa, Minn., 1852. 
t Geology of Iowa, Vol. I , p 203, 1858. 
* The lower rapids of the Mississippi river . Journal of Geology, vol. VII, No. i, also Monograph 
U S. Geol. Surv. , No. xxxviii. 
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west from Columbus Junction. Several references bearing 
on the rocks of the county are made by H. E. Bain in his 
report on the Geology of Washington county. § Finally, Prof. 
F. M. Witter, of Muscatine, published some years ago an 
account of the first gas wells in the drift in the northern part 
of the county. II 
PHYSIOGRAPHY. 
TOPOGRAPHY. 
The main topographicai features of the county consist of 
two uplands and two lowlands; the bottom lands along the 
Mississippi, the low prairie and bottom lands of the Iowa, an 
upland drift plain east of the Iowa river, and an upland drift 
plain to the west. 
The Mississippi Bottoms.-Along the northern boundary of 
the county these Mississippi bottoms are five miles wide. 
They occupy all of the north end of Port Louisa township and 
a strip on the east edge of Grandview, narrowing toward the 
south end of the township from which point it maintains an 
average width of less than two miles as far as the mouth of 
the Iowa river, in Jefferson township. From here it widens 
until along the south.ern boundary of the county it again has 
a width of five miles. In its northern part this bottom land 
has an average elevation of 552 feet above sea level and there 
is a slight general slope to the south of only a fraction of a 
foot to the mile until the Iowa river is reached. South of 
here the land is a little higher again. The main topographic 
features are the Muscatine slough, which follows the western 
border for the greater part of the distance north of the Iowa 
river, and the Great Sand Mound in the northeastern corner 
of Port Louisa township. This is a remnant of an old terrace 
rising thirty feet above the bottom land and occupping an 
area of a little more than a square mile, which extends north 
§ Iowa Geol. Surr., \'01. V, PI'· 113- '74 · 
Proc. Iowa Acad. Sci .. PI'. 68- 70. .8<)0-.891. Ameri ca n Geologis t , vol. IX. p. 3'9 . 
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into Muscatine county. Lake Klim is a lagoon connecting 
with Muscatine slough in the southeastern corner of Grand-
view township. 
The Iowa R·ive'l' Lowlands.-The lowlands along the Iowa 
river vary from two to six miles in width and extend from the 
northwestern to the southeastern corner of the county. They 
present two expansions along their course which are separated 
by an encroachment of the highlands on either side. The 
average gradient of this plain is about one and one-sixth feet 
p~r mile, or from G15 feet above sea level in the north western 
corner to 580 feet in the southeast~rn corner of the county. 
The northernmost expansion constitutes the south end of the 
West Liberty Plain, th-c greater part of which lies along the 
Cedar river in Muscatine county. It here merges into the 
lowlan,<}s along the Iowa river. It occupies Oakland township 
aIld forks a level plain. averaging 610 feet above sea level. 
The Iowa river valley follows the ~outhwestern border, vary-
ing from one-half to two miles in width and making several 
extensive detours to the northeast. One of these is occupied 
by Horseshoe lake, Hills lake, and Prairie creek and possibly 
marks an earlier course of Cedar river. In sections 3, 4 and 
10 the plain rises occassionally to an elevation of about 650 
feet above sea level, and becomes rolling and broken by low 
knolls and small, shallow, undrained basins. In the north half 
of the first two sections above mentioned there are a few 
dune-like hills. The Iowa bottom lands maintain a level about 
thirty feet below these lowlands. Toward the junction of the 
Cedar and Iowa rivers the upland bluffs converge and for six 
miles run a nearly parallel course about three miles apart, as 
far as Bard station. From here they diverge and enclose a 
lowland, usually known as Wapello prairie, which is about 
thirteen miles long and six miles wide. It is a level plain with 
an average elevation of about 590 feet above sea level. A few 
low sandy ridges follow in some places the shallow valleys 
which have been cut into its wast and south border by Long 
and Otter creeks. Several low hills fringe t.he bluff line of its 
7 
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southern border, appearing as if partially submerged. under 
its sediments. The largest of the latter is in Sec. 10, Tp. 73, 
N. R. III W. Others are seen in sections 8, 14 and 15. In 
Jefferson and Elliott townships the two bluff lines again 
approach each other to within less than two miles. The bot-
tom lands of the Iowa river valley which follows the north-
east side of these lowlands are on an average thirty feet below 
the latter with a width of two miles. Its southeast extension 
is characterized by frequent bayous, such as Warstoff's slough, 
St.one lake, Keever slough, Spitznogle lake, and. Parson's lake, 
indicating frequent recent changes in the river channel. The 
smaller valleys of Long creek and Otter creek are cut to a 
slight depth on the west and south border of this plain. 
The E(t8t Drift Plain.-This upland is a southern extension 
of the Illinoian drift plain in Muscatine county. It has an 
average elevation of about 100 feet aboye the lowlands. It is 
about nine miles wide on the northern border of the county. 
From there it rapidly tapers until its entire width northeast 
of Wapello is only two miles. From this point a tongue 
extends southeast eight miles farther. The surface of this 
upland is that of a moderately dissected plain, with a general 
slope to the west. Except near the center of Concord town-
ship it is sharply marked off from the bordering lowlands by 
bluff lines. On the east side this bluff line varies from 100 to 
150 feet in height, and is very steep. It is only broken by two 
small creeks, one of which rims out on the Mississippi bot-
toms in the northeast and one in the southeast corner of 
Grandview township. On the west side the bluffs as as a rule 
have a longer and gentler slope and range in height from forty 
to ninety feet. This is always the case where the sand 
prairie beyond~ it has not recently been cut away. In sec-
tions 10 and 15 of Tp. 75 N., R. IV W., the upland in some 
places m~rges into the lowland, and no bluffs are pr;esent. In 
sections 4, 5: 23, 24 and 25, Tp. 75 N., R. IV W., in the north-
west corner of C.oncord Tp., and in sections 9, 10 and 15, Tp. 
74 N., R. III W., the border of the upland is elevated into an 
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interrupted dune-like marginal ridge risiug from ten to thirty 
feet above the low uplands. 'rhis is invariably associated 
with a few small, shallow, undrained basins on the upland 
next the ridge amI is apparently the result of wind action. In 
the northeastern half of Grandview township there are some 
fiat, ill-defined swells with a northwest-southeast elongation, 
rising thirty feet above the general upland level, while in 
Jefferson township several shallow and wide loess-covered 
val1eys with a northeast-southwest trend slightly indent the 
surface. The most conspicuous of these is in sections 1, 3 and 
9 in Tp. 73 N., R. II W. 
The West Drift Pl(tin.--The southwestern part of the county. 
is occupied by a drift plain varying in height from 650 feet to 
875 feet above sea level. Its highest point, which is also the 
higbest in the county, appears to be in the west end of Morn-
ing "Sun township. The bluffs terminating this upland plain 
on the east and extending from Sec. 6, Tp. 76 N., R. V W. , 
to Sec. 35, Tp. 73 N., R. II W., are everywhere well marked 
and range from a height of 125 feet in Union and Columbus 
City townships to less than seventy-five feet in Marshall town-
ship, along the west side of Wapello Prairie. The surface of 
the plain has a general slope to the northeast. In Union, 
Columbus City, and Grove townships, and in the southeastern 
part of Marshall township, the creeks have open valleys with 
slopes on either side sometimes half a mile in length, that 
merge into the upland plain. In Morning Sun, in the south 
end of Wapello, and in Elliott townships the slopes of the small 
drainage valleys are usually sharply marked off from the 
upland plain, and the creek valleys are more narrow. In 
nearly all the streams which run from west to east, the south 
slope of the valleys are more steep and bluff-like than the 
north slopes. This is a noticeable feature of Goose, Short, 
Long and Buffington creeks and of that part ()f Otter creek 
which runs from west to east. Two features of this upland 
deserve special notice. There is a long depression resemb-
ling a shallow drainage valley extending from the Iowa river 
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border of the upland, just north of Columbus Junction, south-
west and then south, to the southeast corner of Elm Grove 
township and thence into Henry county. The average width 
of this depression is one and one-fourth miles, and where best 
defined its bottom lies about forty feet below the upland and 
about 710 feet above sea level. Where it crosses Long creek 
its banks on either side become indistinct. A smaller branch 
leaves it and follows the south tributary of Long creek from 
the northeast corner of Long Grove township to the south-
west corner, where it becomes confluent with the main 
depression again. This channel was first observed and 
described by Mr. Frank Leverett of the U. S. Geological 
Survey-)(-. 
Another noticeable feature is a line of high level traversing 
this upland and following the valley just described on the east. 
In Columbus City township it is not well defined, but just 
south of Long creek it forms two parallel, well marked swells 
extending south through Marshall township into Des Moines 
county. In the vicinity of Cairo these swells reach in places 
an altitude of 770 feet, while farther south they rise nearly a 
hundred feet higher. Each swell is about a mile wide and the 
two are half a mile apart. A minor feature in the topography 
of the county which deserves mention are some sink holes 
occurring on the upland in the northeast quarter of Sec. 18, 
Tp.73 N., R. III W., near the Concord schoolhouse. These 
sink holes, which are about twenty feet deep and from five to 
eight rods wide, are due to subterranean caverns in the lower 
Burlington limestone which forms the underlying rock in this 
section. 
TABLE OF ELEVATIONS. 
Below is given a table of elevations containing all the rail-
road stations in the county and a few other places. It ap-
pears that of the four roads represented each has a datum of 
its own, the difference between two of these data exceeding 
*Monograph. U. S. Geol. Sur\,. I No. xxxdii. 
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100 feet. As the railroads intersect, connections were easily 
made anq the elevations here given have been reduced to a 
common datum, the one adopted for the C. R. 1. & P. R. R. 
in Gannett's Dictionary of Altitudes in the United States. 
STATION. 1 ALTITUDE. 1 
Bard............................... ... ...... 599 
Clifton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 621 
Columbus Junction. . . . ...... . ....... . .. . .. .... 599 
Cotter .. ........... ........ , . . .... . . .... .. .. . . . .. 708 
Elrick Junction.................... . .............. 568 
Fredonia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 606 
Grandview. . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 706 
Highest point on R . R. 2 miles W. of Morning Sun 846 
Highest point on R. R. 2 miles E. of Letts....... 710 
Letts. .... . . . . .. .. ... . . . .... .. . . . . . . .... .. .. . 663 
Levee east of Oakville . . . . . . . . .. . . . . . . . . . . . . . . . . . . 549 
Marsh.......................... . ....... ......... . 760 
Mississippi river, opposite Keithsburg, L. W. . .. .. 523 
Morning Sun, B., C., R. & N. depot............ 745 
Morning Sun,!. C. depot.... . . . . . . . . . . . . . . . . . . . . 760 
Morning Sun R. R. crossing..... . .......... . ..... 752 
Newport. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 731 
Oakville. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 552 
Port Louisa, L. W...................... ... ... ... 526 
Wapello.... . ........... . ..................... .. . . 588 
DRAINAGE. 
AUTHORITY. 
B. ,C. ,R.& N.Ry 
C. ,R .l.& P. Ry. 
C. ,R.1.& P. Ry. 
C. ,R.1.& P. Ry. 
1. C. Ry. 
C. ,R.1.& P. Ry. 
M. N. & S. Ry. 
1. C. Ry. 
C. ,R.1.& P. Ry. 
C. ,R.1.& P. Ry. 
1. C. Ry. 
1. C. Ry. 
B. ,C. ,R.& N .Ry 
1. C. Ry. 
B. ,C. ,R.&N.Ry 
1. C. Ry. 
1. C. Ry. 
B. ,C. ,R.& N.Ry 
The greater part of- the land in the county drains into the 
Iowa river which follows in its course an earlier drainage line 
established long before the deposition of the drift. The rains 
on the flat lowlands along the rivers sink for the most part 
into the ground, which is naturally drained to some extent by 
seepage through the sand in which the water is quite free to 
move. Natural superficial drainage lines on the surface are 
almost wholly absent here. Since these lands were brought un-
der cultivation the natural drainage has been aided by ditch-
ing, and some of the bottom lands have been protected from 
overflows by the construction of levees. 
With the exception of a dozen sections of land the east 
drift plain drains into the Iowa river. The divide between 
the Mississippi and the Iowa follows closely the crest of the 
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Mississippi bluffs in Port Louisa and Jefferson townships. 
North of this it turns west and runs a little more than two 
miles west of the bluffs. The drainage of the eastern slope 
of this divide at the south end is therefore for the most part 
effected by very short and deep gullies or ravines with steep 
sides, evidently the result of very recent erosion, while the 
somewhat longer ravines in Grandview township appear to be 
the upper portions of older creeks whose lower ends have 
been cut away by the westward recession of the bluff line. 
Except in the northern part of this county, where it is less, 
the slope of the highland to the west is quite uniformly twenty 
feet permile. The creeks flow in general toward the southwest. 
They are quite wide and rather shallow in their upper courses 
and sometimes have a poorly drained alluvial bottom. A con-
siderable part of the land surface is still flat and undissected 
by these ravines. 
The drainage of the western drift plain in the southern tier 
of townships is mostly to the north but otherwise resembles 
somewhat that of the east drift plain. Honey and Smith 
creeks come across thl:3 county line from the south and have 
alluvial valleys along their lower cour5es which widen out in 
places to almost a quarter of a mile. Farther up stream, 
where they cut the underlying limestone, their valleys are 
narrow. It is evident that tbese creeks follow old drainage 
lines wbicb have a considerably higher gradient than the 
present stream. All of the streams in tbis region are fed by 
springs coming from the base of tbe limestone. More than 
half a dozen creeks running north are tributarties of Otter 
creek, which follows tbe south side of the preglacial excava-
tion under Wapello prairie. Part of its water evidently 
escapes into the sand of the lowlands, for tbe increase down 
the stream is not always proportionate to the water i.t receives 
from the uplands. Its tributaries from the north side are 
small and few, owing to underground seepage. In the south-
ea'St part of Marshall township it Qccupies a broad valley with 
a big h bottom land. Long creek bas a genera.l course from 
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west to east and collects the run-off from most of Elm Grove 
and Columbus City townships and from the north half of 
Marshall township. In Marshall township its valley varies 
from one-fourth to half a mile in width and is largely occu-
pied by a terrace which rises from twenty to thirty feet above 
its own alluvial bottom. This terrace is seen with interrup-
tions as far west as the northeast corner of Elm Grove 
township. In this basin the upland is less :flat than in the 
tracts previously described and the drainage is more mature. 
There are some indications that that part of Long creek which 
lies in Tp. 75 N., R. V. W., and in the two north tiers of sec-
tions in Tp. 74 N., R. V. W., has been captured by the lower 
creek and taken across a rocky ridge in sections 12 and 13, 
Tp·. 75, N. R. V. W. At this point its valley is rock bound on 
both sides and very narrow and it i.s cut in an upland that 
gi ves no indications of the presence of a drainage line before 
one is on the very border of its valley. The wide, well matured 
slopes of the valley of Johnny creek, which comes from the 
eagt and meets the upper part of Long creek just before it 
enters the rock bound channel, suggests that its course may 
run to an earlier mouth of the upper part of Long- creek. 
Decisive evidence of such a change seems to be lacking, how-
ever. Short and Goose creeks are very much like Long creek. 
For four miles northwest of Columbus Junction the water-
shed between the Iowa river and Short creek follows the 
bl'ink of the bluff and the narrow tongue of upland between 
them drains into the creek. Some of its small tributaries 
formerly extended beyond the present bluff line and have 
recently been cut short by tbe recession of the latter. This 
divide is at present rapidly shifting to the west. In the 
southwest cerner of Morning Sun township, where the surface 
is fiat and only gently trenched by drainage lines, the run-off 
is collected into the head of Crooked creek and carried west. 
The southwest corner of Elm Grove township is drained in the 
same direction. 
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On the West Li.berty Plain and Wapello prairie lowlanus the 
rains readily soak into the sandy ground except in some low 
and swampy draws where the soil is black and deep. The 
upper thirty or forty feet of filling on these lands consist of 
sandy material which allows a free seepage of the water. 
Under this superficial sand there is a blue clay more imper-
vious to water. In many places, and for long distances on 
either side of the Iowa and the Cedar rivers, springs issue 
from the base of the overlying sand. The bottoms of the 
Iowa river are more or less subject to annual overflows 
above its junction with the Cedar. The Iowa river has a 
number of meanders with curvatures having a radius of from 
.14 to .46 of a mile, averaging .23 of a mile, and separated by 
straight races a mile or more in length. ,Recently, some of 
these meanders have been vacated by the main current and the 
channel has been straightened, owing perhaps to the greater 
violence of the floods produced by the removal of the natural 
vegetation in 'the drainage basin of the river. Below Colum-
bus Junction the meanders of the Iowa have a mean radius 
of .55 of a mile, ranging from .28 to .92. A considerable part 
of the bottom has been reclaimed for tillage by ditt·hes and 
levees. 
STRATIGRAPHY. 
General Relations of Strata. 
The northeast half of Louisa, county is covered with a 
heavy deposit of drift from one to three hundred feet in 
thickness. East of the bluff line which follows the west side 
of the Iowa river, no bed rock is known to outcrop, and ius 
presence has been reported from only a single well not far from 
the mouth of the Iowa river. Several wells have reached a 
depth of less than 400 feet above sea level. Previous to the 
deposition of the drift this part of the county was excavated 
to this depth by some stream whose valley extends north and 
east under Muscantine and Scott counties. The extensive 
erosion of the bed rock over this wide area is due to its soft-
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ness. It was a shale or clay more than 200 feet in thickness. 
Part of this formation m.ay yet be left under the drift or it may 
have been removed, exposing the Devonian limestone under-
neath. In the southwestern part of this county the drift is 
thinner, being seldom more than 100, and frequently less than 
fifty feet. It rests on the Burlington limestone, which is 
about fifty feet thick. This in turn overlies the soft, shaly 
beds that have been removed from the area to the north and 
east. 
The general classification of the formations in the county 
is given in the following table: 
G ROUP . S) STE~I ~~lU~;S. STAGV. 
-
Recent Alluvial 
-
Sangam II 
-
Illinoian 
I Ple istocene -Cenozoie Yarmouth 
I (l.lacial -
Kansan 
-
Aftonian 
--
Pre·l(·lnsan 
I 
--- -
Geest 
--I U IJper Carboniferou, Des Moines 
Pal eozoic Cflrboniferous St. Loui, ? 
-
Missi ssippian Augusta 
-
I I KilJdel'lHJ{Jk 
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UNDERL-YING FORMATIONS. 
The lowest rock wbich comes into view in this county is a 
blue shale. Several wells have penetrated this to a depth of 
more than 200 feet. One of these was sunk by Mr. P. A. 
Yohe atthe Ooncord schoolhouse in Sec. 18, Tp. 73N, R. III W. 
He reports 148 feet of "soapstone of a light blue color," be-
ginning at a depth of twenty-three feet below the curb. Then 
there was thirty feet of black material of about the same 
composition as the "soapstone." Under this again there 
was ninety feet of "soapstone of the same kind as that 
above." In another well near the center of the west line of 
Sec. 12, Tp. 73 N., R. IV W., the same upper blue shale and 
the dark shale below it were again found, but the well was 
not sunk to quite the same depth as the previous one. In 
the northwest quarter of Sec. 22, Tp. 73 N., R. III W.: 210 
feet of shale was penetrated below ninety feet of drift. 
There was some dark material about fifty feet above the bot-
tom. At Linton, in Des Moines county, about three miles 
south of Morning Sun, .Mr. S. C. Petter30n drilled a well to 
the depth of 365 feet. He found ninety feet of drift, below 
which which were 275 feet of shale. About fifty feet above 
the bottom there was some ten feet of dark brown material 
which was reported by the driller as "resembling coal." 
The close correspondence of the strata reported from these 
wells by different parties leaves no doubt that a heavy shale 
underlies the south and west part of the county as a continu-
ous formation. Some wells in the northwestern part of the 
county give less conclusive evidence to the same effect. It 
is doubtless the same shale which has been found at the same 
horizon in several wells in the city of Burlington. Data ob-
tained in the surrounding counties and elsewhere in the state, 
indicate that the downward succession of formations below 
the shale just described is about as follows: 
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THICKNESS OF FORMA'rrONS BELOW THE SHALE. 
FEET. 
Devonian limestone. . . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . .. 150 
Niagara limestone .......................................... 280 
Maq uoketa shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 180 
Galena and Trenton limestone .......................... -.... 300 
~t. Peter sandstone. . . . . . . . . . .. .... . ............... . ...... 150 
Lower Magnesian series ........... .... ..................... 700 
Potsdam sandstone ......................................... 100 
. 
The Mississippian Series. 
The rocks which come under this heading are so intimately 
associated with each other in their outcrops that the details 
of the several subdivisions are best presented together. 
Briefly told, they consist of soft and easily eroded clays, 
sandstones and impure limestones below, usually called the 
Kinderhook, and of more durable limestones above, known as 
the Burlington. They appear to the best advantage for 
study in the bluffs west of the Mississippi and south of the 
Iowa in Elliott, Wapello, and Morning Sun townships, rising 
to the greatest height near the southern boundary of the 
county, and becoming less and less conspicuous as we follow 
the bluff line to the north and west. West of Elrick Junction 
the edge of the Burlington limestone recedes ~:rom the bluffs 
and seldom appears in the slope, but it can always be found 
in the creeks farther to the south. North of Otter creek it 
is not found within two miles of the Iowa ri ver bluffs. The 
following typical sections are arranged in order from south-
east to northwest. They describe the several rock ledges in 
each exposure in numerical order from below upward. Each 
ledge or seam is also marked by a separate number in brack-
ets. These latter figures refer to the several divisions in the 
general section (Fig. 1) to which it has been referred and 
which will be found described after the presentation of the 
local details. 
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SECTIONS IN THE BLUFFS AND CREEK::; NORTH AND EAST OF 
MORNING SUN. 
I. SECTION ON TilE FIRST CREEK IN TIlE MISSISSIPPI BLUFFS NORTH OF~THK 
COUNTY I.lNE SOUTflWEST OF O,\KV ILLE, IN THE Sw. Ji 
OF SEC. :15, Tp, 73. N" R. 1l \y, 
Feet. 
11. (9) Disintegrated crinoidal limestone... ...... .......... 6 
10. (9) Chert"... . .. .................. ...... .. .......... 1 
9. (9) D:sintegrated crinoidal limestone ......... , ... , .... 3 
8. (Il) Blue shale ................. ' .. '. . . . . . . . . . . . . . . . . . . .. 1 
7. (9) I-hrd, white, criniodallimestone with chert in upper 
layers. ...... . ....................................... 8 
6. (6, 7 and 8 ?) Beds changing from a disintegrated, yel-
low, shaly residne below, to a somewhat crumbling 
criuoidallimestone with much 'chert above, .. , ....... 20 
5. (6) Yellow magnesian limestone with irregular bedding 
above aud occasional quartzose concretions .. _ ...... 7 
4. (5) Oolitic, yellow 01' brown, fossiliferous, disinte-
grated limfstone _ ..... ....... .. , ... _ ..... _ ...... _ . .. 2 
B, (4) Fine sandstcne, like number 1 ...... _ .. .. ..... ..... It 
2. (B) Compact, dark gray limestone, somewhat wealher-
ed, showing small cavities and veins filled with calcite B 
1. (2) Bluish white, fine saudstone, weathering yellow, 
with casts of gasteropods and lamellibrauchs.. . . . . . .. 8 
I SECTION ON 'rHE MISSISSIPPI RIVER BLUFFS O~ THE. SECOND CREEK NORTH OF 
THE COUN'J'V LINE IN THE EAST rr.\LF OF SEC, 34,Tp, 73 N" R. II \y, 
FEET. 
15. (11) Blue shaly beds, weathering yellow, with some cal-
careous and cherty bands above . .................... 15 
14. Concealed.... . .......................... - " . _ ........ . 
IB, (10) Chert. _ ....................... , _". _. _ ......... _ .. 1 
12. (10) Brown limestone aud chert......... ..... ......... .. 2t 
11. (10) Brown limestone, disintegrated ... _'" . __ ......... . 
10. (10) Blnish shaly material, with quart:6 geodes below. . . . 2 
9. (9) White crinoidal limestonp, with quartz geodes in a 
shaly seam near base _ •. ___ . . . . . . . . . . . . . . . . . . . . . . . .... 8 
8. Concealed ......................... _ ................... . 
7. (9) White criuoidallimestone .... _ ... _ .. , .. _ ....... _.. 4 
6. Concealed. _ . _ ........ _ ....... . ' . __ ... ...... - .......... . 
5. (9) Hard, white and yellow crinoidal limestone, mode· 
erately fine grained, with layers of ch~rt ..... _ ....... 10 
4. (6) Yellow, rather fine-grained dolomitic crinoidal lime-
stone, broken with mauy joints in upper part .. .... _ 10 
B. (5) Oolitic limestone with Spirifer mariollensis Shum " 
PJ;oductella concen/rica, Hall, Spirifer (uudescl·. sp), 
Athyris, sp., Zaphren/is, sp" and Orthoceras, sp .. __ .. B 
TYPICAL SECTIONS. 
FEET. 
2. (3 and 4) Yellow or rusty brownish, weatbered, compact 
limestone, with arenaceous rock above. . . . .. . . .. .... 5 
1. (2) Bluish line sandstone, weathering yellow, with teeth 
of Helodus and casts of brachiopods in upper part. 
Syringothyris exte7luatus H~1l occurs near the top of 
the lowest number; also Spirifer biplicatus Hall and 
Product1~s, sp..... . ....... .... ... ..... . .... ......... 9 
73 
3 SECTION IN TilE WEST HANK OF A CREEK NOR'rH 0[' THE C8N'rER OF THE SOUTH 
LINE OF TilE Nw. !4 O~' SEC. 23. 'l'p. 73 N, R 11 W. 
FEET. 
5. (ll) Cilert bands in decayed limestone.................. 4? 
4. (9) Bluish white or white criuoidallimestone, mostly in 
8 to 10 inch ledges. Contains Eutroclwcri1l1ts lovei W. 
& S" Spirife'r plenus Hall, also Chonetes logani Hall . 
Sclzinophoria swallowi Hall, and Actinocrinus multi-
radiatus Silum. in the upper part ........ ..... _ ... , .. 15 
3. (7) lrregula,rly bedded, coarse, crinoidal limestone..... 6 
2. Concealed .... , ................................. , .... , 5 
1. (6) Buff shaly material, disintegrated ............... " .. 3 
4. SECTION ON A CRfi:EK ONE MILE SOU1'HEAST OF ELRICK JUNCTION, IN THE 
SOUTH PART OF SEC. 29, Tp. 73 N., R. II W. 
FEET. 
5. (5 and 6) Yellow limestone, exhibiting oolitic strooture 
below ...... _ ................. ... .................... ]0 
4. (4) Blue, evenly bedded, argillaceous sandstone........ 2 
3. (3) Fine grained, concretionary, yellow or brown lime-
stone, disintegrated ................. , ....... " . ,..... 4 
2. (2) Soft, line grained sandstone, with Helodus teeth at 
base ...................... ,............. ....... ..... 2l 
1. (2) Blue, soft, sandy material, with wavy yellow stained 
bands containing Chonopectus fislteri N. & P., above. 6 
!. SECTION ON TilE EAST BANK OF SMITH CREEK JUST SOU'l'H OF ELRICK JUNCTION, 
IN THE Sw. l4 OF SEC. 29, 'rp. 73 N., R. II W 
FEET. 
O. (6) Irregularly bedded and leached limestone. . . . . . . . .. ? 
5. Concealed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 
4. (2) Fine grained, soft, arenaceous rock. .. .. ... .. ... .. 3 
3. (1) Soft, blue, unctuous shale ...... . .................. , 9 
2. (1) Carbonaceous shale...... ........................... 1 
1. (1) Blue unctuous shale with thin seams of calcareous 
material.......... ......... . .... .................. 6 
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e. SECTION IN AND NEAR ANDF:RSON'S QUARRY ON TIm EAS'l' RANI( OF S~llTll_CREEK 
WEST OF THE CENTER OF Till·; Sw. ~ OF SF-C. 29, 'rr. 73 N., R. II W. 
FEET. 
9. (9) Crinoidal wbite limestone (quarry rock)........... . 5 
8. (6 and 7) Apparently weathered crinoidal, cherty lime-
stone, mostly concealed .................. . .......... 13 
7. (6) Brown limestonE', with scaut crinoidal fragments ill 
a single ledge . ......... _ ................... " . . . . . . .. 7 
6. (6) Seam of chert and shale .............. , , .... ... .... , 
5. (5 and 6) Single ledge of yellowish, hard limestonE', with 
geodes of calcite, sparse crinoidal fragments above 
and two ten inch bands of oolite b"low .. , . . . . . . . . . .. 8 
4. (4) Arenaceous suft rock. . . . .. ........................ 3 
3. (3) Irregularly bedded, leached brown limestone. . ..... 3t 
2. (2) Bluisb gray, arenaceous, soft rock with Deltodus oc-
eiden/a lis , Leidy, Cladodus and Cliomatodus and fmg-
ments of brachiopods and lamelJibranchs, such 8S 
Grammysia plena Hall, Pugnaz striatocostata M. & W. 
and Lozonema sp ....... ..... ...... _... ...... ........ 4 
1. (1 and 2) Suft gray beds abovE', and shaly beds below, 
mostly concealed under the quarry rock but appear 
a few rods south, contail'ling OrtllOcC1'as (indianensis?) 
and other fossils near the middle ... . ............ .... 20 
7. SEC'l'ION ON THE EAST BANK OF SMI'£H CREEK NEAR THE BRIDGE IN 'l'HE N ... . 
'" OF SEC, 31, 'l'p. 73 N., R. II W 
FEET. 
9. (9) White er bluish crinoidal limestone with Producltts 
b1trlingto1lensis Hall, and a Pentremites.............. 8 
8. (8) Chert............................... .............. 1 
7. (7) Irregularly bedded, knotty limestone with chert 
above........................ ....... .. ............. 5 
6. (6) Mostly thin bedded, shaly limestone with crinoid 
stem fragments. . ... . . . .... ................ ... ... .. 3 
5. (6) White crinoidll.l limestone above, more irregularly 
bedded and cherty below. . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 
4. (6) Brownish, fine granular limestone in two ledges 
with small fragments of crinoid seams............... 6 
3. (5) Oolitic limestone with fossils: Spirifer marionellsis 
Shum. Athyris crassicardinalis White, Rlzipidomella 
burli'ngtollensis Hall, Straparollus obtusus HH.I1, Chon-
etes logani N. & P., Athyris sp., Zaplzreutis sp.... .. .. 2;1 
2. (4) Bluish, fiue grained aJ enaceous rock' with brachio-
pods. A tbin seam of shale above and near middle.. 3~ 
1. (3) Compact, fine graintld l~mestone, thin bedded (bitu-
minous sruell). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1~ 
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8. SECTIO:-i 1'1.\ Ql.IRRY !:l1C1_ONGl~G TO JIMES ELRICK Xr: .IR Til l': SOUTll COl'NTY 
LII'"- ON THE LEWr !:l.l.:\'I{ 01" SMITH CRE EK. 
FEET 
12. (?) \Vealhererlliuleston(? .... . ......... . ..... . ........ 2'2 
11. (IO?) Chert . . ................................. . ........ -!-
10. (9?) Cr inoidal limestone with fish teeth uear top .... .. 2 
9. (D) Soft li mestone . .. . . ........ . ... . ....... . ... .. .... . 
8. (9) Blu", shale with some chert below .. . '" . . ..... . . .... 2 
7. (9) Fine grained, yellowish limestone wilh Productus 
semiretiClt/atus (Martiu) Spil'ifer plol1ts Hall, a Pm-
trelllites, in straight even ledges with tish tee th above. 2 
6. (D) Blue shale . . . .. ... .. .. . .......... . ...... " .... . . . " . ! 
5. (9) Bluish, rather li ne grained limestone...... ... ...... 2 
4. (0) Che r t layers, inter rn pted .. ...... . ....... .. ....... .. 
3. (0) Coarse grain ed, ye llowis h or white crinoidal li me-
s tone. . .. . . ... .. . . .. . . . .. .. . . . . .. .... .. .. . . .. . . . . ... 4-!-
2. (0) Bluish wh ite cr inoiclai iimeston p, upper ledgps very 
eveil ly bedded , lowt' r ledges somew hat fin e grained 
with Dielasma rowlei, W or then . ... . . ...... .. . . . . . . .. 8 
1. (8 ?) Sufter lill.les ton e with some quartz geod es .. . ... .. . . 1 
9. SECTION IN J . n . SP RI NGS1' E E N' S QUA~RY ON THE SOU1' H B ANK OF SMITII C RE EK , 
I N TH E Sw. li O F THE Sw. li OF SEC. 36, 'l'p . 73 N., R. III W 
FEET 
2. ( to ?) B lue shaly beds. .. .. . . . . . ... .. .. .. . ... ........... 3 
1. (9) White crinoidal limestone in very regular ledges 
near middle, and with some chert in the upper part . . 7 
10 . SECTION SEEN IN SOlliE QUAR:RIES ON GOSPEL RUN, NEAR l ' HE NORTH LINE OJ/' 
SEC. 27, Tp. 73 N., R . III W. 
FEliT. 
8. (9) Chet:t and disintegrated limestone with Eutrocho-
crinus lo"ei W. and S .... . . . ................. __ ...... 3 
7. (9) Crinoidal limestone, somewhat thin-bedded , with a 
Pe1ltremites . .. . .. .. . ................... . .. . .. . .... . . 
6. (9 ) Thin bedded, criniodal limestone . ... . . ... ....... . . . 
5. (8) Chert.......... .. ......... . ... . . .. . ... . ....... . .. , 
9 
2 
i 
4. (7) Yellow, irregularly bedded limestone . ... . .... . ... . . 4 
3. (6) Yellow, disintegrated crinoidal limestone . . .... .. .. 3J 
2. (6) Coarsely aggregated crinoidal limestone with Lob-
ocrinus pyri formis Shum. . . . . ... . .. . .. ..... .. .. .. . . .. 2 
(6?) Sbaly disin tegra ted materiaL .. . . . .. . .. .. . .. . ... .. . 1 
tl. SECTIO~ ON THE NORTH BANK OF A '1'UIBUTARY '1'0 HONEY CREEK, TN THE No. 
~ OF 'fBI': N IV. 7.( o.F SEC. 21, T p. 73 N .. R. If I W . 
FEET. 
4. (9) Orinoidal limestone wi th some chert .. . . . . ... , . . . . .. 5 
3. Concealed .... .. . .. . . . ... . .. . . . . . . .. . . ... . .. . .... . .. .... 25 
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FERT. 
2. (?) Yellow disintegrated limestone with cast of a large 
Av£culopecten. . . . . . . . . . . . . . . . . . . . . . . . .. ............. 2 
1. (4?) Bluish, arenaceous rock of fine texture ......... '.. 4 
12. GENERAL SECTION IN TIlE QU.\RRmS ON IlO)i'EY CREEK, NBAR 'I'll" NORTH LINE 
Ol~ TUB Sw. 7.( OF SI;;C. 28. '['po 73 N., III W. 
FEET. 
18. (to) Yellow limestone and chert, alternating. .. .. 4 
17. (10) Crinoidul limestone......... . ..................... a 
16. (lO?) Btue shale . . .. . . , . . . . . . . . . . . .. ......... .......... 2 
15. (10?) Shaly and cherty limestone.. .. ................... it 
14. (9?) Chert............................................. 1 
13. (9) Blue shale ..... , .. . . . . . . . . . . . . . . . . . . . . . .. . ... . .... . t 
12. (9) Disintegrated crinoidal limestoue........... . ...... 3 
11. (0) Disintegrated crinoidal limestone, brown or yellow, 
with Deltodus spatulatus N. & W., Venustodus ro-
bushts St. J. and W • and Ctenacanthus spine. . . . . . . . t 
10. (9) Yellow weathered crinoidal limestone with some 
chert ..................... ............... , ... '" . .... 2* 
9. (9) White chert. . . .. .. . . . . .. ... . ....... ... ........ . .. t 
8. (9) Yellowish crinoidal limestone with chert above and 
containing Teleiocrinus umbrosus Hall, Dorycrinlts 
quinquelobus Hltll, Actinocrinus malti1 adiatus Shum-
ard, Batocrinus pistiltus M .& W.o Dichocrinus stria-
tItS. Ow., and Sh., Elttrocltocrillus cllriStyi Shum., 
Spirifer logalli Hall, S. grimesi Hall, Productus burl-
i1lgtonensis Hltll, Zaphrmtis centralis E. and H ., and 
a Syringopora. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 
7. (9) Yellowish, fine grained limestone with small open 
pockets.... ....... ....................... .. ....... . 1 
6. (9) Bluish white crinoidallimestone in ledges from one 
to three feet in thicknes8, without chert, containing 
!:lome of the fossils of number 8, and also Platycrinus 
nodostriatus W. and Sp., and P. glyptus M. and W.... 6 
5. (8) Crinoidal limestone with much c hert ........... . , .. 3 
4. (7) Very irregularly bedded yellow limestone........... 7 
3. (6) Chert in large ml\sses . . .... ........ , . .. . . . . . . . .. . . . T 
2. (6) Yellow, weathered crinoidallimestolle with scattered 
irregular layers of more solid limestone and chert. . .. 9 
1. (6?) Yellow shaly material resembling leached, disinte-
grated limestone, with occasional cavities lined with 
crystals.............. ............................... 3 
Numbers 1 to 5 are seen in the creek bank, just below the 
main quarry; numbers 6 to 12 appear in the face on the main 
TYPiCAL SECTIONS. 
quarry on the west side of the ravine; and numbers 6 to 18 
appear on the opposite side of the creek, in following it one-
:fifth of a mile up stream. RhipirlolJlella l)//)'liilfjtui/eilsis Hall 
was seen in one of the beds numbered 5, 6 or 7. 
13. SECTION ON TilE RIGHT lLI'IK UF lIONEl' CREEK, BELOI\' '1'11];: IUILRO .~D 
BRIDGE IN T il E ~UUTH\vEST CORNER OF SEC. 28, Tp. 7.\ N., RIll W. 
FEET. 
6 (9 & 10) Yellow, very Illuch weathered limestone, with 
cherty layers and lish teeth near the middle . ......... 10 
5. (9) Grayish yellow, crinoid",1 limestone with !!ome 
seams of chert. . . . . . . . . . . . . . .. ..................... 5t 
4. (0) Grayish yellow, crinoidal lim estolle without chert 
(main quarry ledges) ........ , .............. ....... ,. (it 
3. (8) ellen in small irregular nodules .. " . .... .... . .. 2t 
2. (7) Disintegrated brown rock, almost shaly, with a 
more solid i!\yer near middle ... ... . ................. , 7 
1. (7) Cbert . ........................................... . 
14. SECTION 0:-.1 THE E.IST BANK OF A RAIL){O .Ij) CUT .1'1' TilE EDGE OF THE 
UPL.IND, TIlREE ~IILES NORTIl OF r.IORNING SUN. 
FEET. 
5. (6?) Disintegrated bruwnish magnesian limeRtone with 
.Athyris incrassalus Hall and Chonetes illilloiensis W. 3 
4. (2 & 4?) Yellow, weathered, line sandstolle, '" ith Ed 
mOJldia burlinglollellsis M & W., Spirifer bipliratus 
H ll l, Chonopectus fislleri, N & P.: Pngnax strialocos· 
tata M. & W. (va\') Orthothetes illeqnalzs (?) Hall, Cho 
lletes sp" Fenestella .. . ....... .. .................... 3 
3. (2) Fille blue sandstone with few fossils. .... .. . . . . . .. 10 
2. (2) Fine grained blue Mndstone with C'lsts of Prodltcttts 
laevicoslatus White, Prodl~ctus cooperellsis Swallow, 
Athyris corpulenta Winch., Ortltothetes ineqalis ( ?) 
H til, and other lamellibranchs in auundanut' ... .... . 2 
l. Hlue shale. . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . 1 
15 . ~hCTiO:-.lS IN A I{,IVINE FOLLOWING TH];: WEST BANK OF THE R.'\lLRO ID 
C~.E AND I lL\LF ~lILES NORTll OF MORNI:-.IG SUN. IN TilE NORTIl· 
8 
EA ST CORN Eli OF SEC. 19, Tp . 73 N., R I II IV. 
FEE r. I);'CHFS 
4. (I)) Cbert layers.. . . . . . . . . . . . . . . . .. . . .. . . ....... .... 10 
3. (H) \'{,lite or yellowish crinoidalliruestuue, Wilh (eeth 
of Orodlls, Deltvdlls ,lUll Cladodlts.......... ... ..... . :2t 
2. (.)) Greenish while crinoidal litlJesLone wilh Lobocrul1t( 
pyriformis Shlllll ., Di=ygocrillus "odlllldlls Yaml and 
ShllOl. , Dorycrilllis qllillqlleloblls Hall, ElttrOc!lOcrilllls 
IOllei 'y\,. 'wel 1'., Pelltrl'lIlilese/ongatlls Sbnllill.rd, .-lc/hl)· 
crilllls scilllhts i\l. alld W ...... " ... . " . . . . . .. . ...... H 
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1. (I) White crinoid;tl limestone with Rliipidolllclla bllr-
lingtonclisis Hall, and Spi1-ifi1' ple1l7ts lIltl!............ 4 
16. SECTI():'-I IN DELZELL'S QUARRY, NEAR CO:olCORD SCIIOOLIIOUSE, l:-i TIlE 
Ne. J« OF TilE Ne. J« OF SEC. 18. Tp. 73 N., 1<. III W. 
FEET 
2. (6) Yellow limestone, rather fine grained, with frag-
ments of crinoid stems, in heavy ledges .... _......... 7 
L (6) D:sintegrated and soft yellow Iilllestone . .. _. . . . .... 4 
It will be noticed that in nearly all the sections in the bluffs 
bordering the river lowlands the lower soft Kinderhook beds 
appear. They have evidently been protected from destruc-
tion by the overlying Burlington limestones. West of Honey 
creek these bluffs seldom show anything but drift. Along 
that branch of Otter creek which runs through the north tier 
of sections in Tp. 73 N., R. IV W., nothing but drift is seen, 
and explorations in several wells show that these beds have 
been deeply eroded. The drift is at least one hundred feet 
deep. In Sections 11, 13, 14, 23 and 24 the Burlington lime-
stone is, however, frequently in evidence along the water-
courses, and it appears even as far north as near the center 
of the Sw. t of Sec. 3 in Tp. 73 N., R. IV W. But thesA expo-
sures have a limited vertical range, as is evident from the fol-
lowing instances. 
SECTIONS IN OTTER CREEK BASIN. 
17. SECTIONS IN AND NEAR AN OLD QUARRY ON 'l'HE EAST BANJ{ OF OTTER CREEK. IX 
THE Ne. ~ OF 'I'HIi: Ne.!4 OF SEC. 14, 'l'p. 73 N ., R. IV W. 
FEET. 
4. (9) White crinoidallimestone . . ... .. . . . . .. ... .. . . .. . .. 8 
3. (9) Blue shale. . . . . .. . . . . . . .. . . .. .... . . . . .... .... . . . . .. . 1 
2. Concealed.............................. . .'. .. . . . .... .. 8 
1. (7) Crinoidal limestone and shaly material with some 
q'lartz geodes (exposed farther up in the creek) ..... 5 
18. SECTION O~ THE WE,'!' BANK OF OT1'lm CREli:K, NEAR THE CEN'l'E : 01,' '1'1\ E IV I~ST 
LINE OF Sr.;C. 21, 'rp 73 N., R. IV W 
FEET. 
1. (9 & IO?) Somewhat disintegrated limestone, yellow or 
brown, with frequent hands of chert ................ 17 
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19. ECTION [N CIIl'RCIHL\N'S QCAHRY IN THE WEST HANE OF OTTER CREEK 
.'\EARTHICSOl·'L'HWESTCORNICROI?~EC.I4, Tp.73N.,R IV W 
FEET. IN CHES 
3. (9) Crinoidal lilllf'stonf' ............................... . 
2. (9) Chert ............. ____ ... ............. ...... .... 10 
1. (fJ) Bluish white crinoidal limestone iu ledges from 6 to 
12 inches in thickness . .. . ... . .. . ... _. _............... 8 
SECTIONS IN LONG CREEK BASI~. 
Following Long Creek west we find bed rock for the :first 
time near the east line of Sec. 13, 'rp. 74 N., R. V W. From 
this point the exposures are almost continuous along the 
south fork for two miles, but have a limited vertical range. 
The Kinderhook beds gradually disappear under the overly-
ing limestones. The Buffington fork is rocky a mile from its 
mouth and has a few scattered exposures farther west. 'rhe 
north or main branch runs through a valley in which the 
Burlington limestone is frequently exposed in the bluffs or 
on the small tributaries. But with few exceptions these 
rocky cliffs are less than twenty feet in height. 
20. SECTION 0:-1 A SMALL TRIBU'l'ARY OF LONG CREEK, SOUTH 01' TilE CENTEI~O!1' 
THE Se. 7.( OB' SEC. J:~, Tp. 74 N., R. V W. 
4. (?) Brownish gray, compact, siliceolls rock, possibly 
changed locally from a dolomitic limestone by infil-
FEET. 
tration ................... _. ........................ 8 
3. (?) Not exposed . .... ~'" .... ....... ... . .. . ... .. .. . .. . 2 
2. (2) Blne, snft, tine sanrlstone witb Ortlwthetes inequalis, 
Chonopectus fis!teri H 'dl, Avicltlopecten caroli W., Pro-
ductns levicostus White, Rltipidomella bltrlingtollCIIsis 
Hall, Macrodo1t cochleris Winch., Ortlwceras wltilei 
Winch, Conularia (micronema.2) , Edmondia sp. ..... 4 
1. (1) Sllft shale (seen farther eas!) .............. . ....... . 
21. SEC'l'IO.'< IN THE WEST RLUFF OF LONG CREEK, SOUTH OF THE CENTER OF nm 
Nw. 7.( OF SEC. 13, Tp. 74 N., R. V W. 
FEET. 
5. (6) Irregularly bedded, compact, brown or gray d ,)'omite; 
some brachiopod~, with a few crinoid fragments ...... 10 
4. (3 & 4) Rather harder than that below, brown earthy 
stone ... ' ............. " ...... . ..... ..... ..... " .... 2 
3. (2) Soft, rathel' uoiform, b!uish gray, light colored tine 
sandstone, with lamellibraochs and teeth of Helod/ls 
neartop . . . ....... .... .. . .............. ... .... ....... 5 
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FEET. 
2. (2) Alternating layers of fiue loose sandstoue..... . .. . . . 5 
1. (1) Green clayey shale. ...... ......... . ........... . ... 3 
22 SECTION IN J. H II"ASSON'S QVAHRY IN Till'; SOV'l'H HANK OF TilE SOVl'H HH .\NCI! 
OF L0:\G CREEK IN THE NOR rHII' EST CO:I 1\ ER OF SEC. 23, 'l'p 14 N, R. \' W 
l'EET. 
G. (10 ) Di ;integraled lirn ps~()n~ with bauds of chert ....... 3 
5 (?) Yellow disintegra'ed limestone . ............ ,.,. 3 
4. (9) Blue shale... . ........ ............................. 1 
3 (9) YelJow, slightly di;integrate I criuoidal limestone 
with small ho~lows filled with ('a lcite crystals (also 
zinc blende) ............... ... .. .... ..... ...... ... .. . 
2. (9) Yellowish, partially disintegrated limestone wilh 
fish teeth sllch a s Deltodus spatulatus N. & W., Psa1ll-
modus glyplttS St. J . & W., Cladodlls sp., Helodus sp., 
4 
and Orodlts sp. . .... ... . ... .. ....... .. ... ..... . ...... It 
l. (9) Criuo 'dal white lime3tone iu ledges from 6 to 10 
inch ~s in thicknes, with EutrocllOcrinus lovei W . & 
S., Batocrill1ts laura var. silllloslts Hall, Batoc1'i1lus 
laura Hall, DizygocrimtS1'otulldlts Yand anli Shum . .. 4t 
:i3. SEUTION I" GRAY'S QUARRY NEAR TilE NOR').' Ll BANK Ot? THE l\ORTH HR.\NUH OF 
LONG CREEK IN TIlE Ne. J{ OF TH E Nw. ~ OF SEC. 3. Tp. 74 N . . R V IV. 
FEET. I~CHES. 
5. (9) Yellow, disin~egr..Lted encriuital limestone with fish 
teeth near the base and with Schizo phoria swallowi 
Hall, EutroclIOcrin11s cltristyi Shuill., Batocri1l11S lazera 
Hail, Dizygocri1l11s rot1lndus Y und and Shum., and 
teeth of Deltodus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 
4. (9) Ecrinital white limestone in heavy ledges with Pro-
ductus semireticulatus Martin, Prodltctlts burlington-
ensis Hall, Spirifer grimesi Hall. . .. .. .... ... .. . ... .. 3 
3. (9) Chert.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
2. (H) B,ownish yellow, porous, disintegrated limestone. . 3 
1 (0) Bi tl'- :l white crinoidal limestone with occasional 
erin' 's ilear top.................................... 5 
24.- SECTION ON THE \\I::::-T n.\NK OF LONG CREEK ONE·FOURTH MILE 50CTH OF 
THE ;-lOUTH OF JOHNNY CREEK N E,\R THE CENTER OF THE "OUTH 
LINE OI" SEC. 12, Tp 74- R. V \Y. 
5. (6 or 7) Gray compact limestone.. . ... . ... ..... .. .. . ... 8 
4. Cuncealed ... . ... . ............. .... ... .. .... ...... .... .. 1:3 
4. (3 or 4) Brownish gray gritty ro~k. . . . . .... . . . . . .. . . . .. :3 
2 (2) BIlle, s01 l, fine sandstone with casts of Be/leroplwn 
bilabiattls M. & W., Straparolllis maC10mplialus W., 
Sptrifer sltbrotzmdatus H. , Ortlzoceras wltitei Winch." 
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FEET 
Glossitcs elliptim. Straparotlus. lIIodimorplia (,I) 
Belieroplioll (two specie.-).. . .. .. ... .................. 3 
1. (1 &; 2) Blue al enacp.Ol1S soft rock wit b shalf' helow ..... 12 
2,. SECTIO:--; .\LONG LONG C REEK IN TilE SOUTIIE"~T CORNER OF SEC. 3'. 
Tr). 75 N .. R. \' W. 
FEET. 
2. (10 &; 11) WefLthered ~haly limestone aud sbale with 
cherty la~ ers ........... . ............ ... ........... 15 
1. (0) Souud, blubh white or gray, rriuoid~l kssiliferous 
limestone ................................... .. ..... 15 
26 . SECTION IN F. J. ;\1001, E':'; QU.IRR\, ON TilE EAST B.INK OF LONG CREEK IN I'l l E 
Sw. l\ OF TilE Nt'. '{ OF SEC. 33, 1'1>. 75 N. , H. V W. 
FEET 
6. W?) B:lnd::l of chr-rt ......... . . , . ............ . ..... _.' . 
5. (9?) Y'Jllowish shaly material or disintf'grateu liml-
stnne ...... ........................................ 2 
4. (ll) Yel'oN, partially disiutpgraled limestone wilh 
chert ballds and Ii~h teet h in t he upper part, coutain-
ing DellodojJsis bialveatus St. J. &; W., Deltodopsis COIl-
,,{'ZitS Sr. J. & W., Dellodus spatulatus N. & W., Clad· 
olus, fl'Hgmt n's of spines.. . ....... . ..... . .. ......... 2 
3. (0) 13 lIish white cl'ioliitial limestone iu ledgt'!> from 6 to 
10 inches ill thickuess with Prodllctlts bllrlillgtollellsis 
Hll.ll ........... . .......................... .... . .... 2 
2. (9) Shelly limestone witb rual.y brachiopuds and Igoce-
ras capull,s H·dl . . . . . .. . .. ...... . ................ . 
1. (OJ Criuoid·1 while limestone .......................... 2 
27 . ~ECTfOl\ 0;\ THE SOUTH B.I:\"- OF LO;'>lG CI~EEK NEAR TilE WEST LINE IN 'I'll E 
1\'w. l\ OF EC. 32. Tp. 75 :-<. , R. V W. 
FEET. 
3 (11) ~haly lilllestone ................................. . 5 
2. (11) Blueshale ......................................... . 1 
1, (11) Yellow limestone, somewhat line grained ........... 8 
SECTlONS ON CLIFTON CREEK AND lOW A lUVER. 
North of Long creek basin the drift rapidly increases III 
thickness and the bed rock is rarely exposed. It has been 
observed only in sections 22 and 27, Tp. 75 N., R. V.,~W., 
and in and near the bluffs of the Iowa river in sections 16 and 
17, r.rp. 7l) N., R. V. W. At this latter place the blue Kinder-
hook shale is exposed in the bank of the river, rising some 
five or six feet above the water for a distance of a few rods. 
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It is covered by the shale and sandstone of the coal meas-
ures. Over most of this northern territory the Burlington 
limestone has been removed and the unprotected Kinderhook 
beds have been deeply eroded. 
28 . SECTION IN A TRIBUTARY OF CLIFTON CREEK IN TilE Ne. 7.( OF THE Ne. 7.( 
OF SEC. 2], Tp. 75 N., R. V W. 
FEET. 
7. (6) Crinoidal fossiliferous limestone, with chert seams 
(exposed farther up in the creek) ...... .... .... .. ..... 10 
6. Concealed.... ...... ...... .. .. ..................... 4? 
5. (?) Chert of oolitic aspect and with fragments of fossils t 
4. (1) Yellow decayed liwestone, with sparse crinoid 
joints .. .... . " . .. , ... .. .. .. .... .... . .. . .... .. . ...... 2 
3. (?) Chert of oolitic appearance and containing small 
fragmen ts -of fossils .... .... ..... .. ....... ......... t 
2. (? ) Yellow disintegrated limestone with scattered joints 
of crinoids, a product us, and various gasteropods..... t 
1. (2) Bluish gray arenaceons rock with fish teeth near the 
top and various gasteropods; alsoAtltyris corpulenta 
W., Product1ls curtirostra Winch., Productella llum-
tmelaris Winchell, Ortltoceras i?lequalis Hall, Edmon -
dia burlingtonensis M . &. W., EUlIleiria altirostris 
White, Porceltia obliquinoda While, Grammysiaplella 
M. &. W. Belleroplwn (undescl'?) and a Platyschisma.. 4 
29. SECTION ON THE SOUTH BANK OF CLIFTON CREEK NEAR THE CENTER OF 
SEC. 22, Tp. 75 N. , R. V \Y. 
FEET. 
2. (6?) Yellowdecayetllimestoue ........ _ '" ... . ...... 3 
1. (2) Arenaceous blue material. .............. . ...... _. 5 
30. SECTION ON THE SOUTH BANK OF A SMALL CREEK IN THE SOUTH BLUFF OF 
THE IOWA RIVER, IN THE SOUTHWEST CORNER OF 
SEC. 16, Tp. 76 N., R. V W. 
FEET. 
1. (I) Bluish ~reeu shale cut up hy joints into ~m:ill rhom-
boidal blocks.. . . . . . . . ... .. . .. . . . . . . . . . . . . ... .. . . . . .. 4 
General Section oj the 5Mbcct1'bvnije7'ous Roclcs.-In compar-
ing the sections above described with each other and with 
many others seen in the field, and on noting theirrelative 
positions, it becomes evident that they form a conformable 
succession of beds approaching a depth of one hundred feet. 
Certain parts of this section are much affected by weathering 
or else are quite generally concealed under the drift. At such 
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horizons it bas been impracticable to make 
close comparisons or exact correlations, 
either on the basis of fossil remains or of 
lithologic characters. Both of these char-
acters seem otherwise quite constant for 
each horizon, and doubtless much smaller 
subdivisions than those bere attempted 
might be identified in different places with 
a closer examination of the rock and in a 
region where disintegration were less far ad-
vanced. As it is, eleven different divis-
ions appear sufficiently constant to be capa-
ble of identification in this county. These 
will here be described in succession from 
below upward. See general section, Fig. l. 
(1) Maple Mill Shale: -The lowest mem-
ber consists of a greenish, unctuons shale. 
In one place this has a dark band contain-
ing carbonaceous material some five or six 
feet below its upper limit. At another 
place it is cut up by two sets of joints into 
small and quite regular rhomboidal blocks . 
No fossils have been found by the author 
in tbis shale in Louisa county but at Bnr-
lington, where it is exposed deeper down, 
it contains several brachiopods, some deca-
pods and a dictyospongia. In Louisa 
county only some fifteen feet are exposed, 
but several wells have, as already stated, 
penetrated it to a depth of at least 180 
feet. 
(2) EoglishRiverGritstone (Chonopectus 
Sandstone of WeBer) :-The Maple Mill shale 
changes somewhat gradually upward into 
a soft bluish gray, fine grained sandstone 
with intervening thin seams of shaly 
• 
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material. It consists of rather angular quartz fragments 
of very uniform size, averaging one-sixteenth of a millimeter in 
diameter. By boiling in acid about eight per cent in weight 
is dissolved, consisting mostly of carbonate of iron and car-
bonate of magnesia. In weathering this rock turns a dull 
yellow color. In this condition the upper layers frequently 
exhibit fine, parallel curving, concentri<" red or rusty lines on 
the surface. These are seemingly the result of some kind of 
progressive oxidation and concentration of the ferruginous 
material which it contains. A few inches below its upper 
surface there is a thin layer which contains imbedded fish 
teeth_ A species of H elodlts is almost invariably present and 
other observed forms are D eltodus occidentalis Leidy, Oladochl8 
and Cholllatocllls. * In the upper as well as in the lower part 
of thi.s rock casts of various other fossils, mostly brachiopods 
and lamellibranchs, are quite frequent and ocasionally abun-
dant. The following have been identified by Dr. ftewart 
Weller in a collection made by the author: 
F enesteUa, sp. 
Athyl'is cOlpulenta Winch. 
SY1'in(JothYl'is extenuatlls Hall. 
PU(Jl/ctX .~tl'i((totO, 't((ta M. & W. 
Ol'thothetes ineqnulis Hall (?) 
RldpidomeUct uU1'lin(Jtonensis Hall. 
Eumetl'ia altil'ostm White. 
PI'oclIlCt71S ('urtil'ostm Winch. 
P. rooperellsis Swallow. 
p. levicostat1ts White. 
Pl'Oductella nummnlal'is Winch. 
Ohonetes, sp. 
Ohonopertll8 fisheri Hall. 
Spi1'ife)' biplicatu.Q, Hall. 
8 . 8IJurotundatl18 Hall. 
3[odiomol'p/za, sp. 
GI'Ctlllllt!J8i a / lenli Hall. 
*fhe identlficatio I uf lhe 5e fossil s Wlr 2 khdl ~ rna! e h\' Dr. C H. rastmau . 
• 
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J.1fadoctoll cocltlea.) ' is Wineh. 
A z; iculopecten C{tJ'oli W. 
Glo.'<sites elliptic((' Hall. 
Edmonrlia blll'linqtonellois M. & W. 
Belle1'Ophon bilaviat1l8 M. & W. 
Be1lerophon (two other species). 
J>ol'cellict ovliquinoda White. 
PlatysC/lisma, sp. 
8tmparollns Jnrtcl'omphalus W. 
Loxonema, sp. 
Ol"thoCe1'Ct8 ('indianen81;.~ ? Hall.) 
O. /I}/z itpi Winch. 
o. inequalis Hall. 
Con lila)' ia miCl'onema Meek (?) 
The thic..:kness of this sandstone is about ten feet. 
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(E. ) "Lithographic Limestone: "-The next number is 
sharply marked off from the other beds both above and be-
low. It consists of a compact gray limestone of fine texture 
and pure composition containing less than two per cent of 
insoluble material. r\ ground and polished surface has the 
appearance of lithographic rock. A part of the residue from 
a dissolved specimen is siliceous, but it also contained some 
dark carbonaceous substance. Specimens taken south of 
Oakville and Elrick Junction and also from Des Moines 
ccunty are impregnated with bituminous material. This 
rock has been observed only in the southeastern part of the 
county and is sometimes absent here also, apparently having 
been dissol ved and carried away by underground water. In 
Long creek basin, where the terranes are most thoroughly 
weathered and leached, it bas not been definitely identified 
at any locality. In some of the sections where it appears it 
has been changed to an earthy brownish layer and is shrunk 
in thickness. No fossils have been secured from it in this 
county. Where not leached or altered its thickness is from 
three to four feet. 
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(4) Upper Gritstone:-The succeeding member consists of 
a soft blue or yellow, arenaceous rock quite similar to the 
English river gritstone in texture and composition, consist-
ing of quartz grains of small and very uniform size. Fossils 
have not been observed. Where the underlying limestone is 
absent it rests upon the lower sandstone from which it is 
usually separated by a yellow or brown rusty seam. The 
thickne'Ss is three feet. 
(5) Oolite ledges:-Above the upper gritstonethere is aledg'e 
of white or yellowish oolitic limestone. It is distinctly 
marked off from the bed below but somewhat continuous with 
that above it. The oolitic spherules are small and imbedded 
in a matrix of calcareous material which resembles in text-
ure the limestone above it. This ledge is often greatly affect-
ed by leaching, being either wholly removed or else appearing' 
as a yellow porous rock. The calcareous spherules have been 
dissolved, leaving imperfectly rounded vesicles testifying to 
their former presence. Where not affected in this way it 
usually contains numerous fm;sils, the following forms hav-
ing been recognized. 
Zaphrentis, sp. 
Ath.IJ1>is crassicanlinali::; White. 
Rhipidomella bu1"lingtonen'is Hall. 
P?'ocZ1),ctellu concent1'ica Hall. 
Spirijer marionensis Shum. 
Chonetes logani, N. & P. 
St1"!l parolltts ovtusus Hall. 
Orthocel'Cts, sp. 
Its thickness is from two to three feet. 
(6) Wassonville Limestone:-T?is limestone is separated 
from t.he previous one by no other sharply defined lithologi-
cal character than the disappearallce of the oolitic structure. 
It consists of variable, usually moderately fine-grained lime-
stone, normally in very thick ledges below. It contains 
• 
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sparse fragments of crinoid stems, but seldom any entire fossils. 
Sometimes there are layers of a gray chert and in the lower 
ledges this chert sometimes has an oolite structure. Else-
where it is mostly filled with traces of small fossil fragments. 
The upper part of these ledges are sometimes characterized 
by well marked close joints, which cut the rock into small 
blocks. Overlying as it does the less pervious aud less solu-
ble beds of fine sandstones and shales this limestone has 
served as a highway for percolation of underground water 
Everywhere along the creeks it marks a horizon where springs 
issue, some of which are small streams. Except in a few 
places the rock is so thoroughly changed by leaching, solu-
tion and weathering as to be quite unrecognizable, frequently 
appearing as a brown, earthy, crumbling mass. Sometimes 
it is wholly absent, only a few cherty layers remaining. 
Athyris illc}'({:;satus Hall and Chonetes illinoieilsis Worthen have 
been observed. The thickness of these ledges is perhaps as 
much as fifteen feet. Possibly a part of them should rather 
be referred to the llext division. 
(7) Lower Burlington Limestone:-Above the rock just 
described there is a horizon of limestone with layers that 
have a peculiar wavy, curving or sometimes twisted and 
knotty appearance. On one of the ledges which was seen in 
the bed of Gospel Run, some giant ripple marks six inches 
high and from four to six feet apart from crest to crest, ex-
tended in a directioil a little north of east. Occasionally this 
rock is quite fine-grained and of a whitish gray color, but in 
most of the outcrops it is filled with crinoidal fragments. 
There are 'also frequent seams of chert. At one place a spec-
imen of Lobocrinns pyriformis Schum. was observed. The 
thickness does not much exceed eight or ten feet. 
(8) Main Lower Chert:-A persistent layer of chert usually 
overlies the irregularly bedded limestone. Occasionally it con-
sists of a single seam, measuring a foot or more in thickness, 
while at other places there are several thinner layers, meas-
uring in all two or three feet. 
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(9) Upper Burlington Limestone:-The most conspicuous 
rock in this region consists of a white, or greenish or yellow-
ish white, typical crinoidal limestone in ledges from six 
inches to almost two feet in thickness. rrhe lower ten feet 
are usually quite free from chert., but in the upper part 
chert se::tms are frequent and there are also some seams of 
green shale. One of the upper ledges contains teeth and 
spines of fishes such as CtenacantllUs, Dettodl18, ctadodus, Ve-
nU8todu8 J'obust'l1s St .. J. & W., I~'3ammorlu ' (Jlyptu8 St. J. & W., 
Detodop8is bialveatu8 St. J.& W., D. COrl V tJ.'US St. J. & W., Delto-
dus spatulatus M. & W., and Orodu8. '/.. Occasional fish remains 
are also seen in some of the ledges above and below this one. 
Many other fossils were observed b.y tbe writer in this rock, 
namely: 
SYl"inqopora, sp. 
Zaph rent i8 cent}'(( lis E. & H. 
Glypto]Jo)'{t, sp. 
Pentl'elll itf8 elon(Jatu8 Schum. 
A cl1.:nocl'inus m1lltiradiatu. Schum. 
A. scit/tlas M. & W. 
BatoCl'imt8 lam'a Hall. 
B. [aura I 'W ' sin1l0S1l8 Hall. 
B. pi8tillu8 M. & W. 
Dorycl'inus quinquelouus Hall. 
PlatycI'iwl8 C,lyptus M. & W. 
P. nodostl'iatud W. & Sp. 
Teleiocril1us 'I1mb?'Osus Hall. 
Dizy(Jocrinu8 rot llncllts Yand & Sebum. 
Looocrimt8 pyriformis Schum. 
Eut7'Ochocrin1l8 lOl"ei W. & Sp. 
E. cltl'i~tyi Sc:hum. 
Dichocrilw8 .~tl'iatIt8 Ow. & Schum. 
S cM.zophol'ia slvallolvi Hall. 
Rhipidomella Oil r1 inqtonellsi8 Hall. 
'The identifi ca ti ons were kindly m"de by Ilr . C. R . Eas tm a ll. 
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Dielasma J'owLei W. 
Pl'ocluctus lHtJ'l-inqtonen.sis Hall. 
P. semil'eticulatul5 M .1rti n. 
Spil'ifel' plenus Hall. 
S. ql'imesi Hall. 
S. loqani Hall. 
(}honetes loqani Hall. 
Igoc6l'aS capulus Hall. 
UJ'tho('eras, sp. 
SI) 
The thickness of this division is about eighteen or tW2nty 
feet. 
(10) Montrose Cherts:-Tbe Upper Burlington limestone 
runs into a more cherty and impure rock with somewhat 
fewer crinoidal fragments and more frequent seams of green 
shale. Good exposures of this part of the section are not 
frequent for it is much affected by weathering. Fossils are 
scarce. Round quartz geodes occur in it near the upper 
limit, ranging from two inches to half a foot in diameter. 
Otherwise the character of the ledges appears quite variable. 
Their whole thickness is about ten feet. 
(1L) The Upper Shales and Limestones:-The upperm')st 
beds consist of soft and fine grained limestone ledges alter-
nating with, or imbedded in, softer yellow or bluish gray 
beds of shale and shaly limestone. 'rhis is only rarely seen 
in exp8sures, being usually concealed under the drift. No 
fossils have been noticed. The greatest thickness exposed 
does not exceed fifteen feet. 
001'l'eZations. -The five lower numbers in this general sec-
tion together with at least the lower half of the sixth num-
ber constitute the upper part of what is generally known as 
the Kinderhook group. It is a most perfect parallel to the 
Kinderhook section at Burlington. On examining the sec-
tion at the latter locality for the first time, I knowing the 
succession in Louisa county, the writer had no difficulty in 
placing his hammer on that thin seam in the second member 
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containir g £sh teeth and in promptly finding some specimens 
of IJelocZlIs. It is equally eviden~ that the upper part of 
numbe1' 6 and all of number 7 are the northward exten-
sion of the Lower Burlington; that number 9 corresponds 
to the Upper Burlington, and at least a part of number 10 
to the Montrose chert as described by Keyes in Des Moines 
county. But it is uncertain w.hether the upper part of num-
ber 10 and the shaly beds above this should also be regarded 
as a part of the Upper Burlington, or as a thin and modified 
representative of ~he Keokuk group. It resembles the latter 
in having a geode horizon and in containing much shaly ma-
terial. In the absence of fossils and of an opportunity to 
compare the lithological characters in the field the question 
must be left unanswered for the present. 
Comparing the series with the seotion described by Bain in 
Washington county number 1 is evidently equivalent to the 
Maple Mill shale and number 2 to the English River grit-
stone. The lower part of number 6 is the Wassonville 
limestone. Dr. Bain has himself verified this correlation in 
the field. 
It appears likely that the shales at the base of this section 
and below it, are the upward continuation of the Sweetland 
creek sbale of Muscatine county. With the general dip of 
the terranes to the south the dark main body of the latter 
should come in at the level where the deep wells in this re-
gion have gone into a black shale. In the lowest exposure 
of this same shale at Burlington, the author has lately found 
a Dictyosponqia. This gives its fauna a resemblance to that 
of the Waverly and the Genesee, to which the fauna of the 
Sweetland creek beds is also related. 
These shales were deposited at no great distance from the 
shore, for they contain remains of vegetation. The overlying 
gritstones seem to consist of such fine sand as has been ob-
served to be sometimes laid down farther out by off-shore 
submarine currents. It is not a littoral sand and is free 
from the fine mud common in shore deposits of the same fine-
.. 
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ness. This indicates a deepening and a clearing of the waters. 
Progressive though oscillating changes toward such condi-
tions are indicated by the succession of muddy clay, fine 
cleat' saed, a calcareous precipitate, fine clear sand again, an 
oolitic calcareoLls precipitate, and then organic calcareous 
sediments. In these last calcareous sediments there is at 
fir'st a rapid increase in the organic ingredient, as if a new 
fauna were estahlishing itself under the new and favorable 
enyironment of a clearer medium. The upper divisions of 
the Kinder'hook may thus represent a period of return from 
this region to the deep se:1 conditions existing in the Middle 
Devonian. The uppermost bed.:; of the last mentioned age 
are known to indicate a change in the opposite direction. 
Geogmpllir COllliti,)IIS.-A comparison of the development 
of the Klllderhook and the Burlington rocks in Des Moines 
and Louisa counties throws an interesting sidelight on the 
geographical conditions of the period to which they belong, 
and corroborates some conclusions drawn from other evi 
dence. The thic'rness of these formations is greatly reduced 
in their norther.} outcrops. L<:~aving out those parts in each 
of the two sections of which the measurements are somewhat 
uncertain the thickness of the formations in the two counties 
is as given in the following table. The measurements for 
Des Moines county has been taken from the report of Keyes. * 
Thickness in Thickness in 
Louisa County, Des 1I10ines County , 
Parts of the Section Compared. in leet. in lect. 
Number 10. (Montrose cherts) ........... 10 30 
Numbers 6, 7, 8 and !l (Upper and L'lwer 
Burlington) ..... ....... . ... .. .... . .. . . .. 40 95 
Number 5. (Oolitic rock) ........... ... ,.. 2 3 
Number 4. (Upper "yellow sancl3tone") .. 3 6 
Number::>. (Lithographic limestone). . ... . 4 18 
N urn ber 2. (L'lwer ·'.vellow sandstone"). . . 10 25 
Total of mo,lasured parts of ser-tion.. . . . . . 6\J 117 
It is well known that the nearest shore of the Mississippian 
'Iowa Geol. SUn'. , vol. iii , p. 422, 1893 
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sea lay somewhat to the north. Tbis has caused the dimin-
ished development of these sediments in the same direction. 
'.rhe thinning may to some extent be due to a red llction by leach-
ing and solution oflater date, but even after making all allow-
ances for such cha.nges the full original thickness of these 
beds thirty miles north of Burlington can not have been much 
more than one half of what it was at the latter place. The 
shore of the Mississippian sea was evidently not very far 
distant and may h:we been less than fifty miles away. But 
the thinning was perhaps not uniform beyond the present 
northernmost extension of the terranes. The presence of 
S u bcarboniferous pebbles in the basal conglomerate of the 
coal measures suggests a greater northern extension of the 
lower beds than is indicated by this thinning in L')uisa county. 
The Saint Louis Limestone. 
On the left bank of Honey creek, in the Se. i of the Sw. i 
of S3C. 3:3, Tp. 73 N., R. III W., some twenty rods north of 
the boundary 0 f the coun ty, there i:'l a limes tone breccia of 
greenish gray color composed of fragments of varying sizes, 
imbedded in a calcareous matrix of the Eame color. Some of 
the limestone blocks contain fragments of crinoid stems and 
other unrecogniz.1ble fossils. There are also seen in them 
some small cavities filled with a bright green clay. The 
breceia is only three or four feet high in the bank and rests 
on an uneven surface of the lower formation, which is yellow 
and weathered. An unconformability is here indicated. The 
rock extends only a few rods along the stream. A little 
farther down some reddish shaly beds appear on the same 
side of the creek. These are apparently continuous with the 
geode-bearing horizon of the Augusta, exposed nearby. The 
limestone breccia on this creek is entirely unlike anything 
else seen in the co·unty. Dr. Bain, who vIsited the locality 
in company with the author, inclines to the opinion that it 
represents the Saint L')uis stage. If such is the case thel'e are 
,.. 
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possibly some more outliers of the same formation under the 
drift in the southwest part of the county, where the bed rock 
occurs in wells at a considerably higher level than that of 
Burlington limestone in the nearest outcrops. 
The Des Moines. 
After the deposition of the Subcarboniferous sediments in 
this region the bott.om of the sea in which they weI'S laid 
down was raised and new land formed. The deposits were 
then subjected to considerable erosion. There is no doubt 
that the Burlington limestone originally extended beyond its 
present northern border. The marginal remnant of the Bur-
lington often has cavernous tunnels and crevices filled by the 
deposits of the next succeeding period and the base of these 
later deposits are found frequently to contain Subcarbon-
iferou8 chert farther to the north. It is quite evidell:t that 
the erosion preceding the next submergence cut this lime-
stone down almost to its present condition . Accompanying 
this erosion there was a tnting of the land to the south. 
Following the erosion and tilting of the land it was again 
submerged and the Coal Measures were laid down in the mar-
ginal waters of a sea advancing an unkllown distance to the 
north. 
Only a small part of these deposits are teft in the area 
included within the limits of this county, and they occur as 
small isolated outliers. The largest of these is les'3 than half 
a mile in visible extent. It appears in the west bluff of the 
Iowa river near the adjoining corners of sections 16, 17 and 
21 in Union township. A few rods up a ravine known as 
" Coal Hollow" there lies on the north bank a dark shale 
containing lumps of Kinderhook shale. The latter appears 
in an undisturbed condition in the same ravine near the river. 
This debris contains the characteristic concretions of clay 
ironstone of the Coal Measures. A short distance farther up 
there outcrops four feet of grayish white sandstone alter-
nating with black shale and a few inches of coal. The 
9 
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sandstone shows several imprints of Stiglllaria. In the base of 
the river bluff one-third of a mile above this ravine several 
similar outcrops occur resting on the bluish green Kinder-
hook shale. Worn pieces of Burlington and Kinderhook 
chert are imbedded, as if worked into the upper surface of 
the older shale, which is capped by a foot or two of black 
Coal Measure shale. Close by to the sout,h a Coal Measure 
sandstone forms the river bank. It was found to contain 
impression8 of Lepidodendrons and rises several feet above 
the water. The greatest thickness observed was about fif-
teen feet. Most of the exposures are at the present time 
partly covered by talus. It seems probable that this outlier 
may for some distance underlie the deep drift to the south-
west. Fragments of the sandstone are frequently seen in 
the bowlder clay exposed in the opposite bank of the river. 
About forty rods south of Long creek and north of the center 
of the south line of t he Se. t of Sec. 13, Tp. 74 N., R. V W., 
a yellowish gray sandstone appears in several places under 
the drift along a small ravine, and a pit sunk in the left banks 
of the ravine some years ago went through a few feet of Coal 
Measure shale with some thin seams of coal. Bowlders of 
sandstone are frequent in the drift at this place and also for 
two miles to the east and a mile to the south. In Secs. 20, 
21 and 28 in Tp. 74 N., R. V W., three wells have been sunk 
into a sandstone some twenty feet in thickness. Pieces 
thrown up from an open well were found to consist of Coal 
Measure sandstone. Rock of this kind has also been reported 
as encountered in wells under the drift in Sec. 27, Tp. 75 N., 
R. V W., at Cotter Station, and at Newport. 
Some interesting occurrences of the same -sandstones are 
found in dike-like fillings which occupy crevices in the Bur-
lington limestone. The end of one of these runs out in the 
south bluff of Long creek, where this takes an abrupt turn to 
the north in the Se. t of the Sw. t of Sec. 13, Tp. 74 N., R. 
V W. This" dike" is sixty feet in width and fifteen feet 
high, lying with vertical walls against the limestone on both 
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sides and forming an almost homogeneous mass of rock without 
marked bedding. It apparently extends for some distance back 
into the bluff. About one-fourth of a mile east another deposit 
of the same rock follows for several rods, the west slope of a ra-
vine coming in from the south. Still other masses in similar 
situations occur south of the old Delzell quarry in the west 
bl uff of the creek which runs through the N e. i of Sec. 17, Tp. 
73 N., R. III W., and near the base of the east bluff of Honey 
creek east of the center of the Ne. i of Sec. 32, Tp. 73 N., R. III 
W. Near this last place the channel of the creek for a short 
distance follows a crevice which is filled with the same sand-
stone. No doubt other" dikes" of this same rock are to be 
found in the county. All those here described appear to run 
in a north and south direction. The sandstone forming them 
has a particularly sharp grittiness, due to what must be a 
secondary enlargment of the grains. The grains are more or 
less perfect sma'!l quartz crystals with regular faces and edges. 
All of of the" dikes" have doubtless been formed as fillings 
in old caverns in the eroded limestone. The enlargement of 
the sand-grains may have been brought about by percolating 
water which has followed the drainage of the ancient cav-
erns. 
Subsequent Histon/.-Over how large an area the Coal 
Measures were laid down it is impossible to say, but there 
must have been a considerable thickness here and they must 
have extended a considerable distance north. The land was 
then again elevated and subsequent erosion removed all but 
these few remnants of the basal part of the beds. As far as 
known there is no evidence within this county that it has been 
submerged since that time. During most of Mesozoic and 
Cenozoic time the land has undergone erosion. This finally 
resulted in the development of the topography now presented 
by the surface of the bed rock under the drift. This topog-
raphy is the only record left of what occurred here during the 
long period of erosion already mentioned. 
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1'HE OZARKIAN AND THE GEEST. 
Since the old land surface has been covered with drift a know l-
edge of it can only be secured from records of wells that have 
penetrated the drift and the underlying formations. Eighty-
four records from such wells, mostly on the uplands, have 
been obtained for this purpose. The facts thus gleaned are 
here presented in tabular form and also on a map. This map 
shows, in fifty-foot contour lines, the elevation of the old land 
surface above the sea level. (Plate IV) 
WELL RECORDS IN LOUISA COUNTY. * 
TOWNSHIP 73 NORTH, RANGE II WEST. 
.-
LOCATIO!' A~U OWKER . SITUATION. !\OTI!S. 
1: .r:. 
E C. 
Z <IJ C 
-------- ------
, Sec. 5. Upl.,nd ...... 66 C)O .111 drift . . . . . 
7 W. Clark 
Sec. R. 
John Ila\S. center ... 
south iinp, ~cc. II, 
On hlult slope 630 
Upland. 700 
6, Y cllow clay 30 ff. sand 30 [t. . 570 
12~ 1 ). ~~I~d .c laY4o. ft. .. hl':~ .. d.a.y 80.ft. ~ 
4 J. Porson .. 
Sec. 11 
t Dr. P~rsol1s .... 
Sw ~ Sec. 23. 
6 T. M. Parsons 
Sec. 23-
Upland . . . .. 
Second buttom 
Up'and ...... 
6)s 212 Yellow cia) 30 ft, sand 6 ft, blue 
SIS IIR 
630 86 
ria. Ro ft. ,and 14 f', blue clay 25 ft. 
~tlnd with timber 25 ft. blue clay. 
Rock at bottom. 
Sapd. gravel and loam 3[ ft, blue clay 
6, ft, wood and black loam 10 ft. 
sand with water, 6 ft .. 
All drift.. . . . . .. .. . . . . .. . . . . . . .. .. . . . 
457 
544 
TOWNSHIP 73 NORTH, RANGE III WEST. 
Concord Schoo l ... . ..... . Upland ravine 630 
Ne. li Sec. 18. 
300 Drift 8 ft. limestone [5 ft, "soapstone" 
148 ft, dark shale 30 ft, "soapstone" 
99 ft ...... .. . . .. .... .. .... .. .... .... 622 
1---------1---------
D ri ft 135 ft, Kinderbrook shale 5 ft .. 565 H. Harris ...... .. Upland ..... 700 140 
N e, li Sec. 20. 
1----------1--::-:-:---- ----------------1--
Upland..... . . 700 130 Clay 30 ft, rock qo it , "soapstone" 10 ft 670 9 J. G. Keck ....... 
Sec. 22. 
1----------1----- - -- -=--:--~~_:__-_:__~----I--
10 W. D. Jamison. .. .. Near bluff . . .. 670 300 Drift C)O ft, shale 210 ft, carbonaceous 
Nw. ~ Sec. 22. material 50 ft above bottom ........ 580 
II Sw. J4 Sec. 25·· .. ··· 6IO 
13 Dobson & Jamison ... 
Se. ~ Sec. 27. 
Upland .... 731 ...... Drift 39 ft, soft sandstone II ft, then 
limestone.. ............ tx):? 
U~land ..... 750 76 Drift 72 ft, limestone 3 ft .. 13 Cyrus Hewitt. ..... . 
Nw. ~ Sec. 29. 
'Where the elevation of the surface of tIle bed roclc is known , it is given In italics III the last col· 
ullin of the table. Other figures in this column give the elevation o[ the bottom o[ the well when ex-
plorations stopped in drift. 
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TOWNSHIP 73 NORTH, RANGE IV WEST. 
-e 
" B ; 
LOC ATION AND OWNER. SITUATION. 
'0 
.0...; 
"''' > C NOTES ~~ 
.S? 0", 
'" 
.c ~" 
> 
"-
" 
'" ~ 
" " iU 0 CO 
]. Thomas Harris.. . .. .... Bluff .. 
Sw 7.i Sec. 1. 
67< i5 Rock at bottom, ..... 505 
15 Wm . MllIer..... ... .. Slo~ e 
N e. cu r. ~ec. 4. 
670 120 All drilt .. ... .. ............. 550 
16 ' D.C. Ma rshall.. U~land .. 
Nw. 7.i Sec·9. 
750 126 Drilt 95 It., limes tone 31 ft . . 655 
6')0 87 Dr.ft 17 It. , rock 70 It. 673 17 E. W. Sniverl)" .. . ... Slope. 
So uth line Sec. 12. 
84~ IR1 John S. Curran . 
Sec.15. 
-1--------------------1----------·1--
High upland 202 Drilt 160 It. , shaly roc k 42 It. 680 
191 J. K . Brown .. ... ....... . ....... High u"land 
Se. cor Sec. 16. 
820 ql Drift 11 8 It. lim estone rock 23 It . 702 
-1---------1------1---
20 [(. C . Dr yden ... ............ .. . 
Center east line, Sel. 17 . 
High upland .. 8. 0 16) Dri t 120 ft. , rock 40 [t. . .......... ... 720 
Leve l upland . , i60 21 J a~lesJ Cgilson ... . Sw. 7.i _ ec. 20. 126 Drilt 40 It. , rock 86 ft ... ,. .. . . . . .. . . . 720 
Upland .. .. 750 162 Drilt65 It. , limestone with somes!.al, 
97 ft .. ....... . .. 685 
22 Morning Sun .. .. . . 
Town W ell. 
TOWNSHIP 74 NORTH, RANGE II WEST. 
231Fred Weiderech t ... ..... ..... Upl,nd ....... 67C 177 [(otten wood, sand and mud at 125 It. 1 493 
Cent e r So. line , Sec. 29· 
- -
2. F. B . Stetson .................. Edge of up- 650 70 Yellow clay 8 It. , blue clay 10 [t., rot-
Ic enter E. line, Sec .31. land . ... . .. . ten wooj, blue clay 12 ft. rottel' l 
wood , blue clay 20 [I., wood and 
sand 5 ft. , blue cI,y 10.ft .• wood 
and sand .... " .... .... . . .... .. .... . 580 
TOWNSHIP 74 NORTH, RANGE II WEST. 
25 Jose ph Schofield ... . ... , .. , Low upland . .. 640 247 Yellow clay 10 5t. . blue clay 8ft. , uld 
Center Sec. 24 . so il.1 It.. blue clay , sand at 70 It., 
old soil at 160 ft., white cemented 
sand at bottom .. . . ... ... ...... .... 393 
- ---
26 \ ,'erage of several well :,; .... .. Low upl a nd .. . 640 123 Soil 4 ft .. lOESS and yellow clay 40 ft . 
blue cla v 76 ft . . sand 3 It ... ....... 517 
TOWNSHIP 7J NORTH, RANGE IV WEST . 
2."JOI.IIl Hanlt. ................ . .. Ul'lalld .. .. . '17 <8 16; Ail dlilt.. 
Cen ter W. line Sec. 5 .... . 
- -------- -- ------------
2~ L) man HuH .. .... ..... ... Upland ........ 720 176 .111 drilt.. 
29 (;:. :';.::i:·O: .......... Low L1P~ 1690 ----;;s No rOck-.-.-.. -.-.-.. ------------~---
Cl:ntcr ~cc. 17 
3ok>co.l3u~ ·IUplalld . _71(1_12; 1.·11 tln.ft... . .< ,~5 Ne. ~'4 Sec. I" _, .... ..... 0_ 
31 lames I)alton ..... Up'and slope. 730 <20 AI\ dnlt... 610 
1 Se." Sec. 19. 
553 
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TOWKSIH P 74 KORTH, RANGE 1\' WEST-C0c-1TD1L'ED. 
v 
; 
o 
", 
~ 
'" .D 
LOCATION .-\ND O WNER SITUATION. N OTES. 
8 
" Z 
32 Patrick Cotter ... 
Sw cor. Sec. 26. 
33 Unknown .... . .. . 
Sw. cor. Sec. 26. 
34 Jesse Van Horn ... 
Sw. co r. Sec. 27. 
35 Cornelius 11'1 urph y ... 
So.~ Sec.27, 
36 Wilson Sellers . " .. 
Ca iro, Sec . 28. 
37 Cairo Village. 
38 james Mullen . 
Se. ~{Sec 29. 
39 Henry Freeman . . ,. 
Sw. )i Sec . 29. 
40 Skinner Bros .. , ... . 
Sw. X', Sec. 30. 
Upla nd ... 700 160 .\11 drift. 
.. Upland .. .. 700 
------ -
--
Upland 720 180 
Upland. ~I J05 
High upland .. 750 125 
- --
Hi gh upla nd .. 750 150 
Hi g h upland . . 745 165 
Upland ....... 720 180 
Blue cla\ with boulders at ]50 ft. 
timbera! 125 ft 
.\11 drift ..... 
Yellow clay and g ravel 60 ft., blue 
cia v .to rt . wa ter sand 5 ft .. 
All drift .. " 
Black .oli 8 ft., yellow clay 25 ft. , 
blue clay 83 ft " gravel 8 It. .... 
All dr ift .. .. . . . . . . . . . .. . . . . . . 
455 
540 
595 
625 
600 
580 
Drift 150 ft. , sand at 120 ft . . shale 30 
ft .. , ...... ,.. 570 
. ... Low upland ... 705 70/ Mostly drilt , rock at bottom ... 
----------1------ - ---------------1-
41 R, S, Cummings .. 
Sw. ~ Sec. 32. 
U pland ,.. ... 730 120 Drift 45 ft. , limestone 75 ft . .. . 
42 jos. Bates .................. Upland.... ... 690 209 
Center of E. line, Sec. 33. 
Yellow clay 70 ft . , blue clay 68 ft. 
sand] ft., blue clay 2S ft. , sand 
and clay 23 ft., dark drift 22 ft. .... 480 
43 E. S. Briggs ... . 
Nw. X' Sec. 33. 
Upland. ..... 710 122 All drift .... .... .. , ......... .. 588 
TOWNSHIP 74 NORTH, RANGE V WEST. 
44 L. M. Samson .... 
Se, cor. Sec 20. 
High upland .. 760 60 L oess 10 ft. , boulder clay 40 ft. 
sand 3 ft. , rock below . .... .... . .... 700 
4S Evan Davis .. .. ........ , .... . Upland ....... 750 liS Dlift 9S ft. , sandstone 20 ft ......... 
46 
47 
48 
49 
Ne. ~ Sec . 28. 
Dan' l Westbrook ... 
Se . U ~er. 4. 
j ohn Sneider ... 
near Letts . 
Letts ... .. 
TOW NSHIP 75 NORTH, RANGE III WIlST. 
High upland. I 710 180 
1 
Upland . 690 300 
Sand at 150 It .. .. . 
1 
.. .. .. . .... I 530 
Yellow clay 18 fl. , quicksand 3 ft. , 
hill" cl a y 70 ft. . yellow cla\' an~ 
gravel 20 It .. blu e c ia v acd gravel 
30 (? I fI .. sand to bottolll ... 
All ~rift. 
390 
I 
Low upland. 6~3 170 
--- 1- ---1--------- .... I SG 
joseph Wagner .. 
Sec. 6. 
.. . Upland .. ..... 703 l35 V,'l low cla) and sand 15 It .. b lue 
sticky blu t! cia\' with \,ood bel o w I 
I 
clav 60 It., coarse gravel 2 ft .. 
- 1----------- I 47 feet. sand 13 ft .. .. .... .. , .. :..:..:. ~ 
So P. ~ I , R eisch 
Letts, ~ec. 6 
. Low upland .. 6~S 100 .\11 drift .... , ..... "I 585 
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TO\\"l\"SIlIP 75 :<10RTII, RA);CE III W E ST-CO);T I:-'T ED 
LOCATION AND OW NER. SITUA TION. MATERIALS PENETRATED. 
)1 C . Vincent ... 
Se. (o r. Sec. 6. 
-- - -1-______ --------1 
Low upland.. 68, 106 .\11 drift..... .......... ..... ... ... 597 
52 \Y. \Y. Wagner ... .... . . 
Center S. lin e, Sec. 6. 
Up land 700 11 0 All drift 590 
--------------------1--------------------------------------1--
S3 Cha rl es Wabilltz ......... . 
Cente r. W . lin e , Sec. 9. 
Up land . All d rift . . ,53 
S4 Pe'er Hass (') ...... . 
W . I;' Sec. 13. 
In bluff. All drift . . 435 
80 .'11 drift . . L ow upland .. ss Fa v L e tts 
Se. cor. Sec. 19. 
-1-----------1---- - -- ------------1-
~6 Noah Lett s 
Nc. co r. Sec. 20. 
Low upland . . 
57 Marti n A. Gray .. 
N. ~ Sec. 22. 
Upland .. 
Upland. 
ee. 22. 
59 J o hn Bike. 
Sec . 22. 
Up land. 
60 John Schafer. 
Center Sec. 28. 
Upland. 
All drift. . . . ..... ... ....... .. ...... . . 
720 173 Soil 6 ft, yellow clay 50 It, quick sand 
40 ft, wbite and blue c la y, mixed, 
down to 170 It. th e n sand with gas, 
710 
706 
690 
173 
which would no t burn 547 
Yellow cla y 38 ft , black mucky soil 
6 ft. sa nd 1 ft , blue clay 104 ft. sand 
20ft , c1av4ft 537 
165 Drift a t 16, 541 
170 Sand at 80. 136 170 ft, re s t most ly 
hould e r cia v 520 
TOWNSH1P 75 NORTH. RANGE IV WEST ; 
61 I. Idle ...... U pla nd . 710 
Sec, I. 
11 5 All drift. .... 595 
62 B. Litill e r 
Nw. U Sec. 2. 
Upland . 718 115 All drift ... . . . . . . ... . . . . 603 
- ----
63 R. W. L ee . 
Ccn:cr east lin e, Sec. 3. 
Upland. .. ... . 680 103 All drift ..... .. . ... . .. .. .. . . . . . 5i7 
1------------------1------ -- -- -----------------------
64 Charles Estle. 
Nc. }{ Sec. 3. 
6'1 ~1. L ee ..... ~ Ce nt e r wes t lin e, Sec 3. 
6f> ~1. .-1. Turking ton 
Center suuth Iinc...'. ~cc 10 
67 I-: tta Littrell 
Ne. " Sec. 10. 
6Q' Dalll (h'e rholt 
Se. ' ... ~(:C . 2). 
;;;- 1 H.obert U\\en~ 
Sw 1~4 ~p ,.. ~o. 
Upland. 
Upland ... 
L ow upland .. 
680 120 All ririft 560 
- -- ------------------------1 -
690 113 
bSo 215 
All drilL. 
Loess, 5 fee t: ye llow boulder clay, 16 
fect: yellow sa nd , 3 fee t: hlu e sa nd 
26 feet: white saod. 80 fee r : dark 
bluish ha rd sa nd , J5 fcet: li ght so ft 
.. nd , 40 fee t . . . 
577 
--_._-
[lot tom land. 
lTpla l1d . 
728 100'1.\11 drift. ....... 
,80 16, .llIulium, 8 fl'er: blue I'cbhly cia) 
72 ft, ~;]nd. 2 fl'ct; hila.' clay. q Itj 
I 
,and 6~ feet. .. ,16 
;~f-;-;6 All drilL.. .. ..:-:-1-;:; 
--------'----
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TOWNSHIP 7S NORTH, R ANGE V WEST. 
~ 
" .c 
E 
Z 
LOCATION AND OWNER. 
------ -----
70 H. E. Orr .. . ......... . 
Ccnter Sw. ){ Sec. 3. 
71 Nels Spurgeon .. 
Ne. ){. Sec. 5. 
72 Janc S. McKay ... 
Nw. ~ ~ec. roo 
73 F . M. DUlican ... 
Sec . 10. 
74 Rub"n Stapp. 
Sec. 16 
75 E. I{obinson 
Se . Cor Sec 20. 
76 COl ter Station .... 
Sec. 20. 
SITUATION. 
Upland ..... .. 
Up'and ... 
Upland .. 
Upland slope 
Upland 
High u;JlanrJ. 
Upland ... 
-0 
MATERIALS PENETH.-\1 ED. 
" !? 
-.c 
.c ~= Ci. 
" -
" 
_u 
~ Ci 
----1 ----- ---------1 
720 175 All drift. 
720 140 All d , ift .... .............. 
720 '-17 All drift .. 
710 160 Ail drIlt. 
7.10 400 Drift ISO feet. shale 2,0 feet 
- --
7.0 65 Rock at bottom ... 
710 136 Drift. 133 fcet; sandstone. 3 feet .. 
~ 
o 
.::J 
'" -:.::~ e.§ 
'" '0"~ '" 
:>:i 
545 
573 
550 
5 80 
5ii 
77 J. W. Garner .. . 
Co umbus City . 'u;;;;;;d-. -.. -.-. 7201_17_0_ I_L_o_e_ss_'_13_f_ee_t_; b_l_ue_ti_II_, 1_57_f_c_el_; _s_" n __ ~, 550 
Loess and yellow till. 35 feet; blue till. 78 D W. Overholt 
Se. ){. Sec. 25. Upland. ..... 710 ,65 ]25 feet; sand and gravel, 6 feet 'H 
79 Martin Schaum 
Center Sec. 27. 
Up land ....... 725 68 Drift,65 fee t ; sandstone, 3 feet .. 
---------1-- - -- -- - - ------------
80 F. J. Moore . 
S. line Sec 28 
Up land 730 90 Rock at bottom . . ... .... . .. ... 
81 Humphrev Jones ..... ... Upland. 7·6 80 Rock at bottom 
660 
640 
665 
Se. l-l' Sec. 32. 
82 L. \\' iJli"ms ... 
Colulllhn ... Cit", 
Upland ... . 720 128 Loess, 2) fed; blue lill lOR I CCI "a nd. 1 592 
TOWNSHIP 76 NORTH, RANGE V WEST. 
Nw. l-l' Sec. 6. 558 231 Ed"Hrd Murdock .. . .. .. " '1 Upland.. 1 7101 152 1 Aii dritt .. 
8. -J-os- h- L-u-Ck- )-' --. -.,-. - .-.-. - o;.;;;d-.-.. -.. -. 1-;30 -;n -,\-1-1 -d-ri-fl-.. ---------- 597 
Nw. l-l'. ::cr, ]8. . ____________ _ 
It will be observed that the main features of the ancient 
topography consist of an upland plain in the southwestern 
part of the county having an average elevation of 650 feet 
above the sea and of a wide lowland under the two rivers 
aud under the east drift plain. By following the lowlands 
into the adjacent counties on the north we find that it is a lo-
cal widening of some deep drainage valley. Its great width 
here is due to the presence of the soft Kinderhook beds which 
have been more easily removed than the overlying limestones. 
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The deep trenching of the ancient water-courses into the gen-
eral prairie peneplain indicates that a general rising of the 
land took place some time before the end of the long 
erosion period. This elevation resulted in a rejuvenation of 
the drainage. The period when this occured has been called 
the Ozarkian or Sierran, from the fact that a like elevation 
took place at the same time in the region of the Ozarks and 
in the Sierra N (wadas. Before erosion had brought the land 
surface down t o a new base level glacial conditions set in and 
covered the land with drift. 
Very little is left of the products of disintegration from the 
Ozarkian period. During a time of rejuvenated drainage its 
surface accumulations would be promptly removed. Perhaps 
much of what remained was removed at the time of the first 
ice invasion. The only undoubted occurrence in this county 
of geest, as this old surface material has been called, appears 
on top of the bed rock in the limestone 'quarry in the west 
bank of Honey creek northwest of the center of Sec. 28, Tp. 
73 N., R. III W. It fills a small depression in the surface of 
the ledges to the depth of three or four feet and inay be de-
scribed as a stiff, brownish yellow clay-like material, mingled 
with fragments of chert from the disintegrated limestone. A 
lower extension of the same ca vernous hollow contained several 
poekets of a black, earthy oxide of manganese. On the top of 
the geest there are indistinctly stratified layers of a fine yel-
low sand or clay, containing occasional fragments of Archaean 
rocks. Above this there is typical bowlder clay. 
The Pleistocene. 
The bowlder clays and other drift materials of the glacial 
age have a greater development in this county than in most 
other parts of the state. Over the townships east of the 
Iowa l'iver it probably averages three hundred feet in depth 
and on the west side it ranges from twenty to more than 
:200 feet. Three distinct sheets of bowlder clay are be-
lieved to have been brought here by three different ice fields 
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at three successive epochs. These have been named the Al-
bertan or pre-Kansan, the Kansan and the Illinoian, enumer-
ated in the order of their sequence in time and from below 
upward. The base of the Albertan is everywhere beyond the 
reach of direct observation in surface exposures. Several 
well records indicate that it is underlain in the old lowlands 
by deposits of gravel, sand and silts, containing remains of 
preglacial vegetation. These deposits are probably a filling 
laid down in front of the first advancing ice sheet. Neither at 
that time nor since does there seem to have been any active 
plaining of the uplands by the ice. No scorings have been 
observed anywhere on the bed rock in this county. The gen-
eral result of glaciation has been a filling up of the lowlands. 
THE ALBERTAN OR PRE·KANSAN. 
This till is dark gray or almost grayish black III color and 
of a rather soft and mealy texture. On being exposed to the 
action of the atmosphere this color rapidly changes to dirty 
yellow or brown. It in variably contains pieces of wood of 
gymnospermous trees. The fragments are mostly small, less 
than three inches in length, and are either broken off 
branches or splinters of larger pieces. Occasionally entire 
small logs are seen. Another constant feature is the presence 
of small fragments of coal averaging two or three grains in 
weight. A study of the pebbles contained in this drift shows 
that in comparison with the overlying tills this contains 
about twice as many fragments of local rocks. There is also 
a greater representation of rocks whose outcrops lie to the 
northwest, such as fragments of the Kinderhook and of the 
Burlington beds. In the north as well as in the south part 
of the county thIS till occasionally contains good sized bowl-
ders of the latter rock, something which is never the case in 
the other two tills north of the northern margin of the::;e 
formations. Of the crystalline rocks there is more green-
stone, hornblende rock and schists than in either of the other 
drift sheets. On the other hand there is a smaller proportion 
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of dolomitic limestone and rocks common in the Kewenawan. 
The largest exposures of this till do not disclose more than 
ten or fifteen feet and well records do not indicate a greater 
thickness than twenty-five feeL Over the uplands it is al-
most absent except in situations where the preglacial surface 
was low. The most important localities for this drift which 
were noted are as follows: (1) On the right bank of Honey 
creek near the south line of Sec. 21, Tp. 73 N., R. III W. (2) 
On the south bank of Smith creek near the center of the Se. 
t of Sec. 35, Tp. 73 N., R. III W. (3) In a well on the upper 
slope of the bottom land in the Nw. 1 of Sec. 6, Tp. 76 N., R. 
V W. (4) In the southwest bank of Smith creek near the 
southeast corner of Sec. 30, Tp. 73 N., R. II W. (5) In the 
south bank of Long creek near the center of Sec. 22, Tp. 74 
N., R. IV W. (6) In the bank of the Muscatine North and 
South railroad cut, in the east bluff of the Iowa river, in the 
Se. i of Sec. 9, Tp. 74 N., R. III W. (7) Oh the west bank of 
the Iowa river at Wapello. (8) On the west bank of the Iowa 
river one mile north of Columbus Junction and farther north. 
{9) In the west bank of the Cedar river two miles north of 
Columbus Junction. (10) In the railroad cuts in the bluffs of 
the Mississippi river in Sec. 2, Tp. 75 N., R. III W. 
F IG. 2. Ge nera l re lat ion of 
the drill la vcrs in the north 
bluff· of the iowa river in Nw . 
}:( of Sec. 15. T p . 74 N .. R. II I 
\Y.; a ,\Ibertan till (seen to 
tbe Nw. along rail road ); b .\ f-
ton ian sand, c ross-bedded; c 
dark leac hed ti ll a nd sa nd y 
boulde r cia),; d da r k pea t with 
a forest bed above a nd a d la-
to macious ea rth bel ow; e t)J'-
ical loess, beco ming sa n y 
above ;.! fin e wind-h lown sa nd . 
Note: The lilin oia n till is 
appa rent ly a bse nt. 
This oldest till apparently underlies 
most if not all of the lowlands, and wells 
on the eastern upland indicate that it un-
derlies the main water sand as a continu-
ous sheet. Its upper surface in this ter-
ritory approximates a level plain with 
an elevation of from ten to thirty fect 
above the bottom lands. This plain is 
particularly well shown in the cuts along 
the Muscatine 'N orth and South railroad 
in the Se. i of Sec. 9, 'l'p. 74 N ., R. III W. , 
three miles south of Wapello. It follows 
the roadbed for about a quarter of a mile 
and finally disappears, as the latter rises 
above it, near the wagon road bridge on 
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Indian creek (Fig. 2, a). This locality suggests that the plain 
may have been the main shearing plain under the Kansan ice. 
On such a supposition it seems difficult to account for the 
presence of the sand which inter-
venes between this till and 
that next above. In one in-
stance there seems to be a soil 
horizon on its upper surface. 
This is at the foot of the west FIG.3 Relations of strata of drift seen on 
bl ff f th I . 1 the south s ide 01 the road leading down the U 0 e owa rIVer, a ong Iowa river bluff in the Se. x: 01 Sec. 21. Tp. 76 
th d · th S 1 f N., R. V W. a Black, tough, leached e wagon roa In e e. 4; 0 silty soil (top of Albertan till /) b tough boul-
der c lay with ferruginous joints , yellow 
Se n 21 Tp 76 N R V W (Fl'g above, grayish blue below (Kansan); c some-\... , • • , . • • what st rat ified and sandy, yellow till; d 
4 a.) At one or two points it leached horizon (Sangamon); e loess. 
appears partly replaced by a dark blue laminated silt with 
indurated, thin concretionary laminffi of calcerous material. 
This phase is to be seen in the east bank of the Iowa, on both 
sides of the north line of Sec. 16, Tp. 76 N. , R. V W. 
THE AFTONIAN. 
The till just described is almost invariably overlain III this 
county by sand and gravel, varying in thickness from two to 
ten feet. This is occasionally cemented into a mortar rock. 
Fig. -\ . Sec ti on of the drift in the south bank of Smith creek 
near the center of the Se. x: of Sec. }5, 'I'p, 73 N., R. III W. a 
Albertan till ; b Aftonian sand; c Kansan till; d Loess; e e e 
pockets of Albertan sand extend ing into Albertan till. 
The prevailing color 
of the deposit is yel-
low. A peculiar re-
lation which it main-
tains to the till be-
low is that pock-
ets of the sand ex-
tend down in the oth-
erwise level surface of the latter. These pockets are from 
one to several feet in width and of equal depth. (Fig. 4, e e e.) 
Occasionally they form filled tunnels in the drift. This 
stratum is the main water ~and in all the deep wells of the 
upland. AI?ng the level of its outcrops in the bluff's there 
are a number of springs. Typical exposures of a similar sand 
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in the drift near Afton Junction have been described by 
Bain* and the name is taken from that locality. 
THE KANSAN. 
The till which lies above this sand constitutes the bulk of 
the upland drift in the county. In its unweathered state it 
has a gray or yellow color and is tough and hard when dry. 
I 
e 
J. 
Fig. 5 Section of the drift in the north bank of the 
cut of tbe ~Iusc.tine North and South railroad in the 
bluff of the Mississip~i river in the Se. U of Sec. 2. Tp. 
75 N., R. III W. II Silt associated with Albertan till; b 
Aftonian sand; c Kansan till; d Buchanan gravel and 
(Figs. 2-7.) It is gen-
erally cut by an irregular 
set of joints along which 
some oxidation has taken 
place. When thoroughly 
weathered it usuallyac-
quires a deep ferruginous 
stain. In comparison 
with the other tills there 
cand?; eJlllinoian till with sand; g Loess. is among its pebbles a 
greater proportion of diabase and other Kewenawan rocks 
and of granite. Limestone and (lolomite pebbles have 
about the same relative frequency as they do in the Albertan 
till. In respect to other rocks it seems to have an interme-
diate character between the till above and below. In the 
west tier of townships it directly underlies the loess and the 
topography of its surface presents a state of comparatively 
well advanced maturity, as already stated. In the eastern 
part of the county the inequalities of its surface seem to have 
been evened up by a later deposit of glacial detritus. 
'lowa.Geo!. Surv., Vo!. vi, p. 464, JSq6 . 
THE BUCHANAN GRAVELS AND THE YARMOUfH SOIL. 
Above that part of the Kansan till which is east of the Iowa 
ri vel' there often lies another sand · which has the same rela· 
tion to the Kansan as the Aftonian has to the Albertan. This 
is seen in several places along the Muscatine North and 
South railroad particularly in Sec. 10, Tp. 75 N., R. III W. 
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In the Ne. ± of the Ne. t of this section it rests on an almost 
hori.zontal plane surface (Fig. 6, b) on the Kansan bowlder 
Fig. 6. Section of the drift in the southeast bank of the M us-
catine North and South railroad in the Ne. Ji of Ne. Ji of Sec-
10. Tp. 75 N. , R. III W. a Kansan bowlder clay; b gravelly sand; 
(Aftonian); c trace of leached horizon; d silty bowlder clay (Illi-
noian); e loess. 
clay. This plane is 
sharply marked and 
can beseenforaquar-
ter of a mile. The 
sand is evidently a 
glacial product. It is 
somewhat gravelly, 
contains occasional 
striated pebbles, and is rather imperfectly assorted. Here or 
there it has a long slanting or curving oblique lamination, and 
is also seen to run into silt. Occasional pockets extend into the 
underlying drift. In the Sw. t of the Sw.t of Sec. 11, Tp. 75 
N., R. III W., it is ochreous from the infiltration of fenugin-
ous material. In other places it is leached to a gray color. 
Sometimes its upper part changes into a soil-like stratum, 
either directly overlain by loess or plainly covered by an-
other till. 
1. II. 
Fig. 7. Relations of different drift sheets as seen in the exposures in the banks 
of the Muscatine North and South railroad alonjl Indian creek in the Ne. J{ of 
Ne. J{ of Sec. 4, and Nw. J{ of Nw. Ji of Sec. 3, 1: p. 7-1 N., R. III W. I Sec.4, Il 
Sec. 3. a Kansan till; b Buchanan sand;? c Illinoian drift; d Sangamon soil; 
e loess. 
A soil evidently occupying the same position in the drift 
series but not associated with any sandy deposits is seen in 
a ravine near the south line of the Sw. 1- of the Sw. t of Sec. 
32, Tp. 73 N., R. III W., and again in the wagon road near the 
top of the east bluff of Honey creek, near the northwest corner 
of section 33. There rests on this soil a pebbly, sandy, 
leached till several feet deep. The Kansan till which con-
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tinues downward from this soil is deeply leached. The soil 
at these places has the same relation to the tills above and 
below as the Yarmouth soil, studied by Mr. Leverett in the 
county to the south, has in the latter locality. 
THE ILLINOIAN. 
The till above the gravel and soil just described has been 
shown by Mr. Leverett to belong to another extensive sheet 
and to have been laid down at a time considerably later than 
the Kansan drift, after the lattE'r had been extensively eroded 
and leached. * He has shown that it is the result of an ice 
invasion from the northeast and that it pushed westward 
over this county to within about six miles of Washington 
county. Along the outer edge of the ice field a terminal mo-
raine accumulated which appears as an interrupted broad 
belt of high upland, already described, extending from north 
to south through }'ange IV. It is well marked in Secs. 3 and 
4, Tp. 75 N., H. IV W. South of this point there is a broad 
interruption caused by the lowlands along the Iowa river. 
South of Columbus Junction it appears again somewhat indis-
tinctly in the eastern part of Columbus City township. South 
of Long creek it r!ses to a greater height, in places as much 
as fifty feet above the general upland level. It is here a 
double belt, one :flat ridge lying on the east and another on 
the west of an intervening sag. Its general trend is a little 
east of south and it crosses the south boundary of the county 
almost three miles west of Morning Sun. In Secs. 3 and 4, 
Tp. 73 N., R. IV W., the westernmost branch of Otter creek 
cuts across the east ridge and thus drains the sag between 
the two parallel ridges of the moraine. It is evident that the 
upper course of this branch has been fixed by these two 
ridges. At the time the ice had withdrawn to the inner mo-
raine this sag drained away from the ice field through two 
wide and well marked vallf\ys that cross the outer moraine. 
One of these is an extension of the main course of Otter 
*;\! onograph l.1 . S. Geol. SUfi'. XXXVIII. 
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creek and extends west from the bend of the latter, follow-
ing the south line of Secs. 5 and 6, Tp. 73 N., R. IV W. The 
other crosses the same ridge in the north half of Secs. 20 and 
21, two miles farther south and is now occupied by a small 
tributary to Crooked creek. Both of these transverse val-
leys in the moraine are much too large to have been made 
by the present streams, but they are readily accounted for as 
incident to the marginal drainage on the Illinoian ice field. 
The cluster of low knolls on the uplands in the vicinity of 
Grandview were no doubt also made by the Illinoian ice. Its 
area is characterized by a similar topography in Illinois as 
noted by Leverett. 
In its best development along the terminal morai~e the Il-
linoian drift is of a yellowish or grayish color and of slightly 
less compact texture than the Kansan. It is probably more 
than fifty feet thick. Inside of the moraine, where it is 
~ thinner, it is usually more sandy. In places it is apparently 
absent or represented by a stratum of sand. Along old 
drainage lines this till is sometime::; associated with a fine. 
calcareous, laminated silt which contains striated pebbles. 
Such a silt is exposed in the bank of Muscatine North and 
·South railroad in Sec. 2, Tp. 75 N., R. III W., where it has 
at times slid down over the road bed. It is evidently a mar-
ginal glacial wash. As to the rocl}s represented by the peb-
bles of the Illinoian drift, the most notable difference be-
tween them and those of the two other drifts is that the 
former contains a greater proportion of magnesian limestone 
and a smaller proportion of calcareous limestone and of cry-
talline rocks. Both of these features are in accordance with 
Leverett's conclusion that the Illinoian drift came from the 
northeast, for the principal country rock in northern Illinois 
and southeastern Wisconsin consists of dolomitic limestone. 
While the Illinoian ice field was building up the terminal 
moraine which traverses this county from north to south, the 
Mississippi river was forced to take a course west of the 
margin of the ice. It then occupied the br'oad, shallow val-
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ley already described in discussing the topography. The sig-
nificance of this valley was first made clear by Mr. Leverett, 
who bas traced its course as it is marked on the map of the 
surface deposits. It should, perhaps, be noted as a singular 
fact that within this county no deposits of river sand or 
stream silt have been observed in this ancient channel on top 
of the Kansan drift. 
THE SANGAMON. 
The upper surface of the Illinoian till is usually leached to 
a depth of several ~eet and is either a ferretto zone or a 
leached gray soil, occasionally overlain by a peaty material. 
This soil phase is particularly conspicuous in Sangamon 
county, Illinois, where it has been studied by Leverett, and 
from which locality it takes its name· The red and oxidized 
condition of the Illinoian surface is most frequently seen 
where the old Illinoian land surface lies on well drained 
slopes. It is common in the country east of Morning Sun 
and also along the lower course of Long creek. Between the 
two ridges of the double Illinoian moraine west and north-
west of Morning Sun there is almost always a dark soil at the 
base of the loess in the ravines forming the headwaters of 
the west branch of Otter creek. The uplands east of the 
Iowa river usually have a soil intervening between the loess 
and the uppermost till. This is particularly conspicuous on 
the lowest part of this upland and where its general slope to 
the west is least, as in the basin of Indian creek and in the 
country north and south of Grandview. In the Sw. t of the 
Sw. i- of Sec. 11, Tp. 75 N., R. III W., it is black and peaty 
and deeper than usual. This peaty phase becomes most pro-
nounced in the east bluffs along the Iowa river northeast of 
Wapello. Along the wagon road leading' up to the old town-
site of Harrison, near the center of Sec. 23, Tp. 74 N., R. III 
W., the peat is quite pure and rests on a leached soil with 
dark curving cylinders extending down from the bottom of 
t he peat and resembling filled animals' burrows. At a place 
10 
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locally known as the "Hog Back," just east of the Muscatine 
Nort.h and South ra,ilroad bridge, in the Nw. i of the Nw. i 
of Sec. 15, T p. 74 N., R. III W., this peat is in part replaced 
by a thick tangle of decayed gymnospermous wood (Fig. 2 d). 
At the present time the peat is not well exposed nere owing 
to its having' been burnt out during a dry season some years 
ago, causing a landslide in the face of the bluff. The pea t is 
associated with small pockets of a pink colored diatom-bear-
ing earth, and among the vegetable rubbish there were seen 
some small pine seeds and a fragment of the elytra of a 
beetle. In the judgment of the writer it is in this same San-
gamon soil that the remains of elephants have been found at 
two other points in the county. A tooth was once taken out 
in digging a shallow well in a small tributary to Indian creek 
in Sec. 28, Tp. 75 N., R. III W. Some years ago there were 
dug out from the bed of Otter creek, near the center of the 
Nw. i of Sec. 25, Tp. 73 N., R. IV W., a tooth, lower jaw, 
part of thfl pelvis, several ribs, and a large piece of a tusk of 
an elephant. At the locality where these bones occurred the 
bank o~ the creek consists of materials resembling the soil of 
the Sangamon horizon. It should be mentioned also that Mr. 
Geo. Gresham reports the finding of a deer's antler in the 
same soil layer in the Nw. i of Sec. 14, Tp. 74 N., R. III W . 
. The old Sangamon land surface frequently runs down with 
the slope in the ravines. This is nearly always the case 
where these slopes are gentle and give no evidence of recent 
cutting. As we find jt now it evidently represents a time 
when the Illinoian till had already become deeply leached 
and extensively dissected by the present drainage. These 
conditions correspond with those which doubtless prevailed 
at the time of the advent of the Iowan ice field, for the Illi-
noian drift had then long been subject ed to erosion and pre-
sented a well dissected plain. The ::;outhern border of this 
ice was only some forty or fifty milf's off t o the north, for it 
reached as far south as Scott county. At that time, or just 
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before it, this region was covered with gymnospermous trees 
and a boreal climat e no doubt prevailed. 
THE LOESS. 
Subsequently the Sangamon land surface was covered over 
by a yellow dust-like, sometimes sandy, deposit known as 
loess. This is the common upland "clay, " which is really no 
clay at all, being composed of uniformly much coarser par-
ticles than those making up the bulk of true clay. Nor does 
it have the laminated and stratified structure seen in water 
deposited clays. On the contrary, the loess has a marked 
vertical structure with an irregular horizontal bedding, if any. 
Its real origin is yet in doubt, but there seems to be good ' 
reitson to believe that it is a deposit of terrestrial dust. 
In thIS county the loess is heaviest over the western upland , 
averaging nearly twenty feet along the bluffs of the Mississ-
ippi river. From these bluffs there is a general thinning 
westward. South of Elrick Junction there are places where 
it is fifteen feet thick. Along the west bluffs of the Iowa 
river it is occasionally as much as fifteen feet, but averages 
somewhat less. From a mile west of this bluff over the west 
upland it rarely attains this thickness and appears to average 
less than eight feet. In the territory of the Kansan drift it 
usually extends down over the gentle north slopes to the 
small streams with a somewhat attenuated fringe. In all 
recently cut steep slopes it comes out over a more horizontal 
surface, and its edge is plainly bevelled with the rest of the 
bluff. Frequently there is a perceptible thickening of the 
loess along the edge of the bluffs adjoining larger valleys. 
This is most common where the bluffs face to the west. Some-
times this feature is pronounced and the edge of the upland 
consists of a bordering ridge which may be composed of fine 
sand. Such is the "Hog Back" north of Wapello, and some 
sandy ridges along the same bluffs to the northwest. Shallow 
ponds may lie back of these ridges, which are evidently blown 
up by the wind. Otherwise the loess never appears to have 
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modified the drainage. Only a few very shallow and small un-
drained depressions are noticeable along some ·of the high 
divides. 
The loess, or at least a deposit exactly like it in texture, 
also covers extensively the lowlands of the Iowa and the 
Cedar rivers, excepting of course the present flood plain. On 
these lowlands its thickness is, however, much less than on 
the uplands, usually only three or four feet. 
A singular structural feature was noticed in the loess where 
the wagon road leads down the bluff in the N e. i of Sec. 1, 
Tp. 74 N., R. III W. It here rests on a ferruginous sand 
and is only some twelve feet thick. Near the base the loess 
is cut up by some scarcely visible joints into irregular 
spheroidal blocks of uniform size, which become apparent on 
digging into the bank. Going up from the base of the 
deposit the block~ deminish in size from nearly an inch in 
diameter at the base to less than the size of a pea- four feet 
higher up. On close inspection it was found that these joints 
are partly filled with some bright sand grains. From the re-
lation of the different sizes of the blocks to different levels in 
the deposit it can be inferred that this peculiar brecciation, 
as it may be called, is not due to any very recent or superfi-
cial cause. 
The author has collficted 10es8 fossils from only two locali-
ties in the county. From the bottom of a well,;,twelve feet 
deep at Grandview the following shells were taken in loess of 
blotched yellow and gray color: 
Su.ccinea avara Say. 
S. (J1'o8veno1'ii Lea, 
Linnaea capm'ata Say. 
L. humilia Say. 
Grandview lies on the main divide between the Mississippi 
and the Iowa. 
Another lot was collected in the bank of the wagon road 
near the centre of the west line of Sec. 13, Tp. 75 N., R. V 
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W., about a mile north of Columbus Junction. Tbe loess at 
tbis place is about twelve feet tbick and bas a fai.nt yallow 
band balf way up from the base. As explained before, the 
bluff here occupies the line of wbat at some earlier time was 
a divide. The fossils occur in the lower part of the loess, 
which here has an ashen gray color. The species collected 
were as follows: 
Polyqyra multilineata (Say) Pils. 
PYl'amiclulct stl'iqosct iowensis Pils. 
P. pe7'spectiva (Say) Pils. 
P. stl'iatella (Autb) Pils. 
Zonitoides al'bo7'eus (Say) St .. 
Z. shimeki (Pils) P. & J. 
Oonulusfulv1ts (Draph) Mull. 
Vallonia qracilicosta Reink. 
Sphyradium edentulwn alticola (I ngers) P. 
Bifidaria pentodon (Say) St. 
Helicina occulta Say. 
8uccinea avara Say. 
S. obliqua Say. 
S. q1'osvenorii Lea. 
Limncea lwrnilis Say.* 
Te1'race and Alluvium. The greater part of the higher low 
lands along the Iowa, and the Cedar ri vers lie from thirty to 
forty feet above the flood plains. This higher lowland, usually 
known as the" second bottom," is an ancient terrace which 
probably was built up, in part at least, at the time of the 
Iowan ice invasion. It consists of sand and some gravel 
with a thin veneer of loess. In many places the surface 
materials have been drifted by the wind into sa,ndy ridges. 
The depth of the terrace sand is not certainly known, except 
at some points along the river. Around Wapello and north 
of Columbus Junction it is seen to rest on the Albertan till 
"The identifications in this list, as well as in the previous one, were made by Professor B. Shimek. 
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and is some thirty or thirty-five feet deep. This same ter-
race is continued up the valley of Long creek as far as to 
Sec. 13, Tp. 75 N., R, V W. It is also present along the 
lower courses of some of the other tributaries coming from 
the uplands. Along Long creek the terrace sand is some-
times overlain by a few feet of a fine, laminated, grayish blue 
silt, above which there is the usual loess capping. Along 
Otter creek in Secs. 1 and 2, Tp. 73, R. IV W., this loess cap-
ping with a soil layer on top has been covered over by a few 
feet of more recent alluvium. 
On the bottoms of the Mississippi river a similar terrace 
extends south from Muscatine county in Secs. 4 and 9, Tp. 
75 N., R. II W. This is probably a remnant of an extensive 
terrace built up over these lowlands by the drainage of the 
Wisconsin ice. 
The most recent deposits are represented by the alluvium 
from the present streams now laid down over their flood 
plains during high water. This consists in the main of dark 
sandy silt and gray sand. The most extensive alluvial tracts 
are along the Mississippi river, where only a few vestiges re-
main of the earlier terraces. 
Geological Structure. 
The only structural feature which can be made out with 
certainty in this area is a slight general dip to the south. 
West of Columbus Junction the English river gritstone lies 
at a level of about twenty feet above that which it has in the 
bluffs north and northeast of Morning Sun. The distance 
between these two localities is about a dozen miles. The dip 
is therefore one or two feet per mile. This probably accu-
rately represents the attitude of the formations in the 
southern part of the county. In the city of Burlington the 
English rivergritstone is still forty feet above the river 
level. In the northern part of the county the dip should be 
considerably greater than this in order to make room for the 
200 fee t of the Kinderhook shales. In Muscatine county, 
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wbich abuts on the nortb, the dip is much greater. It may 
bence be inferred that the northern part of Louisa county 
marks a line of change in dip to the south-the line of a 
slight synclinal flexure, as it were. 
J oints. 
In the course of the survey of this region some observa-
tions were made with a three-inch band compass on the 
direction of joints in the country rock. Usually several sets 
of joints are to be seen and tbe direction oftwo or three of tbe 
most prominent ones are noted. The recorded directions are 
given in a table below and plottE:d in Fig. 8. It will be 
noticed that these trend in nearly all directions. This is no 
doubt due tQ the fact already noted that there is no apprecia-
L..-_ _____ -IE 
Fig g. Diagram showing trend of joint planes io tbe bed rock. 
ble dip to the strata in the southern part of the county, 
where most of tbese joints were observed. It may probably 
also be the result, to some extent, of insignificant local fractures 
caused by tbe settling of the cavernous Burlington lime-
stone. There is, however, a slight clustering of the joints in 
three chief directions, namely: approximately N. 35° W., N. 
52° E., and N. -S. The joints approximating to the northeast 
and northwest directions were no doubt produced in connec-
tion with the general southwest tilting of the surrounding 
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region and the other main set may have been formed during 
a tilting to the south. The data seem too few and uncertain 
for further discussion. 
TABLE SHOWING BEAKINGS OF lO INT IN TIlE COUNTRY ROCK IN LOUIS.\ COCN fY . 
Tp. 73 N ., l{ 2 W . 
Tp. 73 N., R 3 W. 
Tp. 74 N .. It 4 W . 
Tp.7,jN,R.iW .. 
Tp. 7G N .. R !j W . 
Tp 73 N. 1{ 2 W. 
Tp. 78 N It . <I W. 
'J P 73 N .: 1{2 W 
Tp 73 N R 3 W 
Tp . 73 N, R. 8 W. 
Tp 78N R. 8W 
Tp 73 N. , R 3W 
Tp 73 N, R 3 w 
Tp. 73 N It . 8 W. 
Tp . 73 N . . R 3 W. 
'/ p. 73 N., K4W 
'J p. 74 N., R. ,) W 
Tp 74 N. It 5 W. 
'J P 74 N .. R .j W. 
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Large crystals of calcite are frequently found in the Bur-
lington limestone. Calcite in the form of stalactite is occa-
sionally seen in caverns in the same rock. Pyrites occurs in 
concretions and small crystals in the Kinderhook shale!:> and 
sandstone and in the Burlington limestone. On the surface 
of the Kinderhook beds incrusta tions of epsomite sometimes 
accumulate. A black sphalerite occasionally fills little irreg-
ular hollows in the quarry ledges of the Burlington lime-
stone. In larger caverns in the same rock small deposits of 
wad have been noticed and in its upper shaly ledges there 
are geodes lined inside with quartz crystals or with amor-
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phous chalcedony. A bowlder of native copper was found by 
Mr. John F. Marshall in a ravine a mile east of Cairo some 
years ago. It weighed thirty-five pounds and was about the 
size of a brick. 
ECONOMIC PRODUCTS. 
Build ing Stones. 
The Burlington limestone is quarried in a great number of 
places along its line of outcrop south and west of the Iowa 
river. Dalzell's old quarry, now abandoned, near the center 
of the north Hne of Sec. 17, Tp. 73 N., R. III W., and about 
two miles north of Morning Sun, is in the ledges of the Lower 
Burlington. The same ledges have also been quarried on 
John D. Anderson's property just south of Elrick Junction 
on Sec. 27, Tp. 75 N., R. V W. This rock is usually tqo 'much 
weathered to furnish durable building material. On Ander-
son's property the Upper Burlington is now quarried and 
good rock is obtained. Nearly all of the small quarries 
throughout the county are in the same beds. The largest 
output is from the quarries east of Morning Sun, on Honey 
creek, where Mr. Wm. Turner is now (1899) taking out rock ' 
on land belonging to Mr. Charles Wilson. About 2,000 
perch are annually quarried and bring an average price of 
seventy-five cents a perch. The local market is supplied and 
some of the product is shipped to Meuiapolis, Weyland, Olds, 
Winfield and other neighboring towns. Most of the rock is 
of excellent quality. It is used for foundations and for 
bridge piers. Some has been dressed at the quarry as finish-
ing stone and has brought thirty-one cents a square foot. 
The total thickness of the ledges which are used is about 
eight feet, and the different beds vary from four to eighteen 
inches. The quarry gives employment to from four to eight 
men. Some of the rubbish has been sold to the city of Morn-
ing Sun, crushed, and used in macadamizing the streets. The 
quarry next in importance is worked by Mr. J. H. Wasson in 
the south bank of Long creek near the northwest corner of 
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Sec. 23, Tp. 74 N., R. III W. The ledges are the same as 
those in the Morning Sun quarries, and the rock is of about 
the same quality. An extensive drift covered country lies to 
the west of this place and there is a large local market, which 
for many years has been supplied from this point, as may be 
seen from the many old quarry pits. Three men are usually 
employed, and the price of the rock varies from 58 cents to 
$1.25 a perch according to quality. 
A tabulated statement of the quarry industry in this county 
is given below. 
STONE QUARRIES IN LOUISA COUNTY, 
I 
E ii:; :./:."'0 <1l <1l 
C) 0, .c .-<.i ,... 
" 
<1l ~ @ <1l 
E .~ p..!:lci .... 
'+-I cr ~ 
~ 0, 
° 
0.". Cil OPERATOR. LOCATIO~. 
.... '0 <1l • t g ?A <1l <1l b(.c 
.n>- ~ ~ .n"'Cil a..9 8 ..... t:I 
",0, ~~ 
'" 0·_ 
Z ~ Z 
'Vm Turner ...... .. . Sec 27, Tp 73 N , RIll, W ...... . 6 $ .75 2,000 
J . H. 'Vassou ..... . . . Sec 23, Tp 740 N., R V, W ....... . 3 1.00 900 
J Gray ...... . ..... . Sec. 3, Tp. UN., R. V, W ....... . 2 1.00 550 
F . J. Moore ........ . Sec. 33, Tp. 75 N , R V, W ....... . 2 . ..... 300 
W. C Bryant ....... . Sec. 22, Tp 73 N . , R III, W .... . . 3 . 80 400 
Sec 4, Tp. 73 N , R. IV, W ....... . 4 .80 500 
John D Anderson .. . Sec. 31, Tp 73 N., R II, W ........ . 2 . ..... 300 
J. H. Springston ... . . Sec. 36, Tp. 73 N , R. III, W ....... . 1 . ..... ..... . . . 
Very litte sandstone is found in this region and none has 
been quarried except in the old Dalzell quarry near the center 
of the north line of Sec. 17, in Tp. 73 N., R. III W. Here 
some sandstone is found as an outlier in an old cavern in the 
Subcarboniferous limestone. Some of the rock is still left 
but explorations with the drill have shown that it is of limited 
~xtent. More of it is seen near the forks of Long creek in 
Sec. 13, Tp, 74 N., R. V W., but this has not yet been utilized. 
The rock is massive, almost without bedding, and very diffi-
cult to quarry. It would without doubt prove a durable and 
strong stone for foundations. 
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Clay Industries. 
The clay industry in Louisa county is carried on by three 
firms which are engaged in making brick and tile, one in 
Columbus Junction, one in Morning Sun, and one near Wapello. 
These employ about twenty men and their total product is 
1,050,000 common brick and about 500,000 tile. 
McClurkin, Ockletree & Company own and operate a brick-
yard located in the Sw. t of the Se. i of Sec. 25, Tp. 73 N., R. 4 
W., just outside the city limits of Morning Sun. The average 
annual product is 300,000 common brick and 200,000 3-inch 
tile. The principal market is in Morning Sun, but some brick 
is also sold in Wapello and Oakville. The bricks bring $6.50 
per 1,000, and the 3-inch tile is sold for S10 per 1,000. Some 
larger tile is also made. Six men are employed. The bricks 
are made by a Mackenzie machine, run by steam power. The 
burning is done mostly in two down-draft kilns. Some of the 
hardest brick have been used for sidewalks. Most of the clay 
is an upland loess, thoroughly weathered and free from lime. 
In making the largest tile this clay is mixed with a leached 
bowlder clay, quite free from pebbles. The latter is found 
close by on a branch of Otter creek, and seems to be from an 
outcrop of an ancient drift under the Kansan bowlder clay. 
At Columbus Junction the only brick factory now running 
is Oaks Brothers' brick and tile works in the north part of the 
city. This factory uses the Acme brick and tile machine with 
a capacity of about 25,000 brick per day. Steam power is used. 
The brick is dried under cover and burnt in open covered 
kilns. The tile is burnt in a down-draft kiln. Eleven men 
are employed and the average product for a season is 600,000 
brick and 150,000 tile. The brick is sold at $6.50 per 1,000 
and the 3-inch tile at $10.00 per 1,000. Most of the tile is 
sold at home. The brick is red, fine in texture, hard, and 
makes a good building brick. About one-half of the output is 
shipped to the surrounding towns, Nickols, Letts, Lone Tree, 
Wapello, Cotter and Washington and the rest supplies the 
home market. The clay used in this factory is a loess, from 
• 
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eight to twelve feet in thickness, which covers a low terrace-
like extension of the upland lying between the Iowa river and 
Clifton creek. The lower part of this loess has a grayish blue 
color and is slightly calcareous. This portion of the deposit 
burns to a, lighter shade and the bricks made from it have a 
specially fine texture. 
A mile and a half east of Wapello, near the northwest 
corner of See. 25, '1'p. 74 N., R III W., Mr. O. M. Zer-
ber has been operating a brick yard for the last five years. 
He manufacturers about 150,000 brick each season, supplying" 
the home market in Wapello and the surrounding country. 
The n.verage price of the products has been 86.00 per 1,000. 
The brick is made from the surface material of the loess on 
the upland adjoining the Iowa river bottom. The clay pit 
covers an acre and is only two feet deep. The surface mould, 
which is six inches in thickness, is not used. The brick is 
hand made, sun dried, and burnt in open kilns. A summary 
of the clay industries in the county is given in tabular form 
below: 
CLAY WORKS IN LOUISA COUN I Y. 
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Coal. 
Though there is no doubt that the Coal Measures at one 
time covered the county, it is equally certain that all of the 
workable coal occurring in these strata has been removed 
with them. Nevertheless two attempts have been made at 
coal mining, both of them in the small outliers of the bln.ck 
• 
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Coal Measure shale already described. If any larger outliers 
of this formation remain under the drift they are more apt to . 
be found along the west boundary of the county, where the 
bed rock is least affected by preglacial erosion. Some well 
drillers have supposed that coal might be found in the lower 
dark Kinderhook shale which has been explored by some of 
the deeper wells in the southern part of the county. It is 
well known that this supposition has no foundation whatever, 
since these shales are barren elsewhere. Money expended in 
prospecting for coal in this county can bring no return. 
Natu ral Gas . 
Twelve years ago natural gas was discovered in Louisa 
county. It occurs in quantities large enough to be utilized. 
The gas appears to come from the fine sand or silt that lies 
under the Kansan till. The overlying bowlder clay evidently 
serves as an impervious capping under whi~h the gas collects 
as it is distilled from the bituminous material in the pre-Kan-
san drift. It has been shown that there is an old soil horizon 
at this level. This in all likelihood is the chief source of the 
gas, though the lowest till itself contains bituminous material. 
Possibly some of this bitummous matter was originally derived 
from the Sweetland Creek shale, which has doubtless been 
worked into the lower till in considBrable quantity. Gas bas 
been found in more than a score of wells in larger 0T smaller 
quantity and it is quite likely that it might have been found 
in many more places if properly searched for. It occurs in 
the upper part of the fine sand already referred to and may 
sometimes be overlooked as the tubing is sunk in a new well. 
This may reach and enter the sheet water which usually is 
present in the same sand farther down. If the tubing be raised 
gas may esca.pe. There have been several instances of this 
kind in the experience of the well drillers of the region. It 
has also happened that a well which has just reached the gas-
bearing sand has at first given no indications of gas but after 
having been left standing over night it has begun to blow gas. 
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In such casf'S the pressure was evidently too small at first to 
overcome the weight of the water in the casing. When this 
water is left to settle into the dry sand its head is lowered 
until its pressure is balanced and overcome by the gas pres-
sure. There should then be a more or less sudden outburst of 
the gas and such instances are actually on record. A whole 
family was in one case awakened in the middle of the night 
by a loud roar from a new well which at the close of the pre-
vious day showed no sign of gas. Some of the well drillers 
fully understand this principle and have of late been success-
ful in sinking gas wells where others have failed. To stop 
the tubing at the right level requires good judgment and 
experience. Sometimes it has proved profitable to test for 
gas in this way at different levels in the same well. Even a 
few feet may make a difference between failure and success. 
The oldest productive well was sunk eleven years ago and 
is yet giving a good supply. Three or four wells have ceased 
furnishing gas after having been productive for some time. 
One of these is :said to have become clogged. It seems prob-
able that in the other instances the supply was really exhausted. 
Most of the wells are less than three years old. In a few 
cases the supply has been unsteady and apparently changes 
with the weather, as if affected by barometric pressure. At 
times one or two wells have furnished a wave like flow, the 
gas coming in puffs at intervals of a few minutes. The sup-
ply is not always proportionate to the pressure. When escape 
is shut off the pressure may rise comparatively high in wells 
where the yield is otherwise small. 
To make any predictions as to the life of the wells in this 
region would perhaps be unsafe. The history of other small 
fields of drift gas will probably be repeated here. Some new 
wells will nnw and then be found, while many of the old wells 
will cease to yield. The gas is evidently held in many small 
and irregular reservoirs under the till which probably cor-
respond with upward bends of the silty and sandy stratum in 
which it is held. It is not likely that all of these reservoirs 
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have yet been tapped. A few of them may have been emptied 
in the case of wells which have ceased to flow. Possibly the 
gas is still slowly being formed and this may help to lengthen 
the life of some of the wells. In any case the first supply 
must represent an accumulated quantity which when once 
withdrawn never quite returns as long as there is escape. 
The pressure of the gas has been measured in fifteen different 
wells and was found to vary from four to ten and one-half 
pounds. These measurements were made with a small steam 
guage adapted for low pressure. In general the highest 
pressure is found in the deepest wells and these are mostly 
located on the highest ground. Possibly the head of the 
ground water is the principal factor which determines pres-
sure. Apparently the gas can escape naturally only against 
the head of this water. 
The principal uses of the gas have been for lighting, cooking, 
and heating'. In a few cases it has been used for fuel in small 
steam engines. It is piped into the farm houses by means of 
small iron tubing. Regulators are used to make the pressure 
more steady. Where the gas is plentiful the farmers cook the 
feed for their hogs and this has proved to be of considerable 
advant.age in pork production. 
At one time there was considerable talk of exploring for 
gas in the older rocks underlying the drift at Letts. While 
there is not the least reason to believe that gas will be found 
by deep borings here, the undertaking would very likely 
result in procuring a good water supply for this village and 
would therefore be a commendable enterprise. 
Below I give in tabulated form such data as were secured 
during the survey concerning the gas in this region up to the 
month of November, 1899. 
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Gravel and Sand. 
Glacial sand and gravel are infrequent in this region where 
they lie deeply buried near the base of the drift. Some sand 
deposits of apparently limited extent have been exposed in 
the cuts along the Muscatine North & South railroad, as in 
a curve in the Nw. t of Sec. 14, Tp. 75 N., R. III W., and 
in Sec. 2 in the same township and range, but these have not 
been utiUzed to any extent. Plastering sand is taken from the 
banks of the principal rivers and creeks and is frequently 
hauled many miles. 
Soils. 
The soil on the loess-covered uplands has an open, loose 
texture of the kind usually found in this part of the state. It 
is an excellent corn soil. A large part of the Iowa river low-
lands has a thin veneer of the same material and the soil in 
some places does not differ much from that on the upland farms, 
though there are apt to be frequent sandy patches. As a rule 
the soil is somewhat sandy on these lowlands, and, in places, 
it is almost all sand. Some of these sandy lands are used for 
melon crops in Oakland township and in the vicicity of Wap-
ello they are used for other vegetables. In the northern part 
of Louisa county the Mississippi bottoms are quite sandy, and, 
in places, gravelly, and a considerable part of the ground is 
used for gTowing watermelons. 
Water Supply. 
This county has no artesian wells. Should it p rove desir-
able, a copious flow may be found anywhere on the lowlands 
at a depth of from 1,200 to 1,400 feet. On the uplands where 
the drift is deep, water is usually obtained in drift gravel at 
depths varying from seventy to three hundred feet. The sup-
ply in the shallow wells, which go down to the bottom of the 
loess only, is now frequently unreliable, except on flat lands 
which are not well drained. Along the outcrop of the Sub-
carboniferous west of the Iowa river there are many copious 
11 
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springs in the ravines. In almost every case these springs 
come from the transition beds between the upper Burlington 
and the Kinderhook shales. On the lowlands water is every-
where plentiful in the sand which underlies the surface silt 
and driven wells are universal. The city of Wapello uses a 
system of such wells placed at regular intervals along the 
streets for fire protection. A steam pump can be attached to 
them as to so many hydrants. 
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INTRODUCTION. 
LOCATION AN D AREA. 
Marion county lies slightly east of a north and south line 
drawn through the center of the state, and is in the third tier 
of counties from the southern boundary. It corners with Polk 
county on the northwest, is bounded by Jasper on the north, 
Mahaska on the east, Monroe and Lucas on the south, and 
Warren on the west. It is regular in outline, being a square 
each side of which measures twenty-four miles. It includes 
sixteen congressional townships with an area of 516 square 
miles. 
PREVIOUS GEOL OGICAL WORK. 
The navigation of the Des Moines river in the early history 
of the state led geologists to study the formations outcropping 
along that stream. In 1849 Dr. D. D. Owen conducted a geo-
logical survey of the Des Moines river and adjacent territory 
for the U. S. Treasury Department. * He described sey-eral 
exposures of the Coal Measure rocks at various points in the 
county, noting particularly those which show to such good 
*Geol. Surv., W is., Iowa and Mi nn ., pp. Il5-Il9, wit h plates. Philadelph ia, ,852. 
I 
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advantage at Elk Bluff and Red Rock. In 1856 A. H. Worthen, 
at that time an assistant on the Iowa Geological Survey and 
later State Geologist of Illinois, made a more detailed study 
of the Des Moines valley. t He included in his report several 
sections at different places along the ri ver. The next geologist 
to publish anything concerning the geology of Marion county 
was Dr. C. A. White, who, in his report of 1870, briefl.y de-
scribed the. coals of the county and gave some analyses of the 
same.:j: 
In the course of the work carried on by the present geo· 
logical survey, the county has been visited at various times 
by several of the geologists connected with it. Among these 
was Dr. C. R. Keyes, who, in bis report on the coal deposits 
of Iowa, describes these deposits in Marion county§. Until 
the publication of this report only that part of the district 
lying along the Des Moines river had been studied, but in it 
the entire county is considered in reference to its coal mines. 
PHYSIOG RAPHY. 
TOPOGRAPHY. 
Marion county may be considered as a broad, rolling plateau 
into which the Des Moines and South Skunk rivers, with their 
tributaries, have cut tbeir valleys. This plateau gradually 
rises to the southwest, as is indicated oy a difference of over 
thirty feet between Pella and Knoxville. Beyond the latter 
place the rise continues, though it has not been accurately 
measured. The Des Moines and Skunk rivers, which are 
approximately parallel to each other, cut across the northern 
part of the county, fl.owing in a southeasterly direction, while 
their tributaries join them at a slightly acute angle. The 
main tributaries run parallel to each other and in a north-
easterly direction. Thus, there are two systems of divides, 
the main divide between the two rivers running northwest 
tGcology of Iowa, Hall , vol. I, pt. I, pp. 167-170, Albany, 1858. 
~Gcology of Iowa, White vol. II . PI'. 263'264,364-365. Des Moines, 1870. 
§lowa Geol. Sun. , vol. ll , PP 317-340. D es Moines , 1894. 
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and southeast, and those between the tributarie::: running 
southwest and northeast. These divides rise to almost the 
same altitude in every part of the county, about 900 feet, and 
are very similar in appearance. They are followed entirely 
across the county by diagonal roads which encounter few hills. 
The uplands display no prominent topographic features but 
everywhere present gentle rolling surfaces with just enough 
slope to secure good drainage. The well improved farms 
occupying' the uplands present a most pleasing appearance 
and are good evidence of the fertility of the soil. In the 
northern part of the county the plateau-like character is bet-
ter preserved than in the southern, on account of the smaller 
number of streams. 
The present surface features of Marion county are due 
almost entirely to stream erosion, most of which is post-glacial. 
The whole county having been covered with Kansan drift and 
loess, the erosion topography is essentially different from that 
of a driftless area. Steep hills and bluffs are seldom found 
except in immediate proximity to the streams. 
In the eastern part of the county the underlying rocks are 
mainly limestones, while in the middle and western portion 
they are shales, with occasional beds of sandstone. In the 
limestone and shale regions the streams have eroded valleys 
to about the same extent, the flood-plains of the larger streams 
being well developed and the slopes gentle, especially on the 
northern side of eastward flowing streams. Where the streams 
have cut through sandstone, the valleys are much narrower 
and the sides steeper; this results from the cementing mater-
ial of the sandstone being almost insoluble in river water. 
Where the Des Moines river cuts through the Red Rock sand-
stone the valley is narrower than in any other part of its 
course in Marion county; it is less than a quarter of a mile 
wide, while usually it is from half a mile to two miles in width. 
The rocks which have been cut through by the streams in 
eroding their valleys are so homogeneous in character that 
the slopes of the hills are the same from top to bottom. In 
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no place can terraces, due to the alternation of harder and 
softer layers of rock, be traced for more than a few rods and 
seldom are they present at all. Thus, the entire region pre-
sents a smooth, rolling, featureless surface, although consid-
erably rougher than some of the prairie counties of the state. 
All of the five principal streams of the county have devel-
uped flood plains throughout nearly their entire courses. Of 
these Cedar and English creeks have narrow flood plains in 
comparison with South Skunk and Des Moines rivers and 
White Breast creek. As is true of all the rivers in this part 
of the state, where the streams have an easterly direction, 
they flow near the south side of the valleys, thus permitting 
the development of flood plains on the north side with very 
gentle slopes connecting them with the uplands. On the 
south the bluffs are much steeper. In places the stream may 
not flow near this side of the valley, but even in such instances 
the south bluff is much steeper than the north one. 
Two explanations have been offered to account for these 
features. The first is that they are due to the deflection of 
streams to the right banks, caused by the rotation of the earth. 
G. K. Gilbert, in a paper* read before the National Academy 
of Sciences in 1884, shows that "all streams in the northern 
hemisphere are by terrestrial rotation pressed against their 
right banks 3tnd all in the southern are pressed against their 
left banks, the degree of pressure being independent of the 
direction of the flow. " He considers this force to be suffi-
cient for the deflection of the water to the right bank of the 
stream, and consequently the formation of cliffs on that side, 
with gentle slopes on the left. Deflections of this kind are 
certainly partly accountable for the steep bluffs on the right 
of the streams of this district, but not primarily, since, if 
this were the only cause, the steepest bluffs would b'e found 
on the right side of those streams flowing nearly straight 
north or south. On the contrary, it is found that the most 
>M emoirs of the Nat. Acad. Sciences, vol. III , First Me moir, W ashington , 1884 
12 
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noticeable differences in the steepness of the bluffs on the 
two sides occur where the streams flow southeast. 
The second explanation accounts for this phenomenon by 
the different rates of decomposition of the rocks on the two 
sides of the streams. Where all the rock strata yield to 
weathering influences with equal readiness, the more rapid the 
decomposition the more gentle will be the slopes. In this 
state frost is one of the greatest destructive agents of rocks. 
With each successive freezing the cohesion of the particles is 
overcome and they are forced farther apart. On those slopes 
facing northward the rocks remain frozen during the entire 
winter, while on the opposite side·there may be many alternate 
thawings and freezings duri.ng the same space of time. Thus, 
in the spring, far more material is found ready to be removed 
by erosion on the north side of the streams than on the south. 
This latter cause is the most effective in this region. Were 
the streams very swift the former might be more effective. 
Where the streams flow southeast, as in the case of all the 
larger ones of this part of the state, we have the combined 
action of the two causes and there is the greatest variation in 
the steepness of the bluffs on the two si.des. 
TABLE OF ELEVATION::;. 
Table of Elevations. 
LOCALITY. 
Bussey .......................... . ......... .......... ... . 
Cedar creAk bridge at crossing C., B. & (-l., north of Bussey. 
Cedar creek, bed of stream at crossing C., B. & Q., north 
of Bussey . ..................... .. .................... . 
Cordova ....... ................ ... ... ... ......... ..... .. . 
Donley ............................................. ... . . 
Dunreath . .. . .......... . .... . ........ . .... . ............ . 
Ilunham .. . .... ..... . ........ . .. . .. .. .. ................ . . 
English creek bridge at crossing C. B. &; Q., about one 
mile east of Flagler ...................... . .. . .. ...... . 
l!:nglish creek, bed of stream at crossing C., B. & Q., about 
one mile ea~t of Flagler ...... . ...... ................ . . 
Fifield .. ...... .... .... .. ........... .. ................... . 
Flagler . ... ... .. . . . ... ...... . .... . ...................... . 
Hamilton ........ .. .................................... . 
Harvey ........ .. ...... . ..... ........................... . 
Howell ........ .... ............................. ....... . 
Knoxville ....................... .... : ............. ... .. . 
Knoxville ................ .. ...... ...... ..... .. ......... . 
Lovilia (Monroe county) ................................ . 
Marysville. at bridge ............ ' ........ ...... ......... . 
Monrotl (,Jasper county) . .. . ... . .. . ....... ............. . 
Morgan Valley ................... . ...................... . 
Otley . .. .. .............................................. . 
Pella .......... .. ... ... ........................... . .... . . 
Percy .. . ............. . ... ......................... ...... . 
Pleasan tville .. ... .... . .. . .... . .......................... . 
South river bridge at crossing C., B. & Q. west of Swan, 
(Wa,ren county) .. .................................... . 
South river. bed of stream at crossing west of Swan, 
(Warren county) ..................... .. ............... . 
Summit of divide, north of Pleasantville ........ ....... . 
Swan ......................... . ......................... . 
Tracy ........ . .. ..... .. ........................ .. ...... . 
Walnut creek bridge at crossing C., B. &Q., south of Tracy. 
Walnut creek. bed of stream at crossing C, B. & Q., 
south of Tracy ... .. ........... .. ..................... . 
White Breast creek bridge, crossing G, B. & Q .• northwest 
of Knoxville ... ... .... .. ..... . . ...................... . 
White Breast creek, bed of stream at crossing C., B. & Q., 
northwest of Knoxville ............................... . 
DRAINAGE. 
876.2 
704.7 
673.2 
745.5 
759.6 
747 
744.7 
7288 
7047 
7323 
7455 
9055 
718 
724.5 
910 
911.7 
9323 
760.5 
924 
7595 
8!l3 
878 ' 
759 
925.7 
763.24 
73'.7 
9367 
761.7 
716.7 
703.7 
680.7 
761.7 
723.7 
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C. B. &Q. 
C,B. &Q. 
C. B. &Q. 
Wabash . 
C. B & Q . 
Wabash. 
C. B. & Q. 
C. B. &Q. 
C. B. &Q. 
·Wabash. 
C. B. &Q. 
C B. &Q. 
C., R. L & P. 
Wabash. 
C, H.. 1. & P. 
C. B. &Q. 
C B. &Q. 
Survey. 
C, R 1. & P. 
Wabash. 
C., R J. &P. 
C., R 1. &P. 
Wabash . 
C.B. &Q. 
C. B. & B. 
C. B. &Q. 
C. B. &Q. 
C. B &Q. 
C. B. &Q. 
C. B. &Q. 
C.B. &Q. 
C. B. &Q. 
C. B. &Q. 
Marion county is drained by the Des Moines and South 
Skunk rivers and their tributaries. The South Skunk river 
flows across the northeastern corner and drains an area of 
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about forty square miles. The remainder of the county is 
drained by the Des Moines river, which enters the north-
western corner and flows southeast, leaving the county along 
the eastern border a little south of the center. The two 
rivers flow approximately parallel to each other. They are 
marked by broad ox-bow loops and wind about considerably 
in their flood plains, showing that they have cut nearly to 
grade and have ceased to erode their channels. The South 
Skunk river has a length within the county, measured with 
the stream, of somewhat more than eight miles, while a 
straight line from where it enters to where it leaves is only 
five miles in length. In the same manner the Des Moines 
river flows thirty-four miles 'within the county, while it is 
only twenty-four miles from the point it enters to where it 
leaves. This river has frequently changed its course over 
the flood plain, leaving cut-offs, and at present is much 
straighter than it was a few years ago. 
The drainage systems are completely developed and hence 
there are no lakes on the uplands. The only bodies of stand-
ing water are on the flood plains, and these are usually the 
remnants of former cut-offs. 
The glacial material of the Kansan ice sheet was apparently 
spread quite evenly over the surface, leaving no depressions 
of any considerable size; into which the surface water might 
be drained to form lakes. Neither are there any terminal 
moraines which serve as dams to interfere with the drainage. 
No evidence has been found indicating the former existenee 
of such lakes. Yet it is probable that at the close of the 
glacial period the surface water was not drained off as quickly 
as it is at the pr~sent time, since the valleys of nearly all the 
tributaries of the main streams are post-glacial in their origin. 
The three chief tributaries of the Des Moines river, White 
Breast, English and Cedar creeks, all have northeasterly 
courses. They rise in adjoining counties lying to the west 
and south, and flow within the county approximately parallel 
to each other. Besides these, the lower course of South river 
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lies within Swan township, emptying into the Des Moines: 
river less than a mile from the western border. This latter 
river drains directly only a very limited region, but through 
Coal creek a considerable area is drained in Franklin and: 
- Pleasant Grove townships. Besides the ' streams just men-
tioned the Des Moines river receives several small tribu-
taries, such as Sugar, Ballard and Teter creeks from the 
south and Walnut, Prairie, Calhoun and Brush creeks from 
the north. 
The only tributary of any importance emptying into the 
South Skunk river is Thunder creek, which has its source on 
the Pella divide. 
Knoxville is located on the divide between White Breast 
and English creeks. These streams are from two to six miles. 
apart, with an average distance of about four miles. Because 
of the narrowness of the divide there are no large tributar-
ies flowing from it into either stream. 
History of the Drainaqe.-There is evidence to show that, 
the Des Moines and Skunk rivers, through part of their courses 
in the county, if not the entire distance, flow in preglacial 
valleys. The best evidence of this is the fact that the loess 
and d:ift cover the sides of the valley in the same manner 
that they do the uplands. If the streams were post-glacial, 
these sheets would have been cut through as the valley deep-
ened. The same evidence would show that the streams had 
about reached their base-level before the ice age, as there 
has been no appreciable deepening of either valley since. 
Further, it indicates that there have been no elevd.tions or 
depre<;sions or general warping of the earth's crust in this 
region within comparatively recent times. Another evidence 
of the preglacial origin of these two river valleys is found 
in their width and in the character of the li!Uiting bluffs. 
Along these bluffs there are few outcrops of rock and the 
slopes are very gentle. This is probably due to the great 
amount of weathering which has taken place, together , ,-ith 
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the smoothing of the rougher rock contours by the later fill-
ing in of drift and loess. 
All of the other streams of the county seem to be post-gla-
cial, unless perhaps it be the lower part of White Breast 
creek, but there is no conclusive evidence of this. However, 
the streams do not all seem to be of the same age. White 
Breast and English creeks flow about the same distance through 
similar material and carry about equal amounts of water. 
Notwithstanding these points of similarity, White Breast 
creek throughout the greater part of its course has a well 
developed flood plain, a feature which is almost altogether 
lacking along English creek. The former stream also has a 
meandering course, and in several places has formed cut-offs, 
most of which are of small size. Thus it would seem that 
White Breast creek is much older than English. It has the 
best developed flood plain of any of tbe secondary streams. 
Cedar creek, in the southeastern part of the county, is the 
only other stream that has one worthy of mention. The two 
principal rivers of the county do not now carry as much water 
as they did a few decades ago, when it was possible for small 
steamboats to pass up the larger stream.as far as Des Moines. 
This is now out of the question, since at places there are bars 
extending entirely across the river where the water is only a 
few inches in depth, except during times of high water. This 
decrease in the size of the streams is due not so much to the 
decrease in the amount of rainfall as to the cultivation of 
their dra.inage basins, thus causing a larger amount of the 
water which falls upon the land to penetrate the soil instead 
of being drained off the surface. 
It is the popular opinion that in former geological times 
those streams which now have flood plains were so much 
larger than at present that they filled their valleys from bluff 
to bluff. Because of the prevalence of this idea it seems 
best to offer a few words in refutation. When the ice melted, 
the streams were probably very much swollen in size and 
may perhaps have entirely filled their valleys, but this was 
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only temporary, the conditions not lasting long enough to 
accomplish much in valley erosion. Instead of this the 
valleys have reached their great width by the process of 
lateral corrosion, meandering from side to side after having 
ceased to cut at the bottom. The result seems to have been 
accomplished in part, also, by tributary streams and the 
weathering agents wearing back the bluff lines. 
The amount of fall of the Skunk and Des Moines rivers has 
been determined by Mr. Dwight Porter, whose results were 
published in the Tenth Census Report on Water Power of the 
United States. * The following tables are taken from his 
report: 
ELEVATION AND SLOPES OF THE SOUTH SKUNK AND DES MOINES RIVERS. 
I 
"'''' "'''' c:" 
'" "'''' 
.0-
"'''' 
'" 
't:<. 
" t~~ 
"'" 
~I O)'()ai 
LOCALITY. :3g!...; "'''' u 0.", ~.~: .0- ;_C::: "'0'" " ;;'.0 V -'0 "t;?;::E 
-0'" ~t'3~ ,"C- o- I (is 0. 0. tzl t:<. t:<. 
Sou,It Skunk River 
Vowell's, Jasper county................ .............................. 759 
Rome, Henry county.... .. .... .. .... .. .... .... .. .... ........ ...... .. 550 1.94 
D es M oines River- I 
Des Moines, Polk county.... .. .... .. .... .. .. .. .. .... .. .... .. .... .... 786 150 HI 
Ottumwa, Wapello county....... .... .. .... .. ...... .... .. .... .. .... .. 636 ........... .... . 
1. 35 
ESTIMATED VOLUME AND HORSE POWER OF THE SKUNK AND DES MOINES 
RIVERS. 
DRAINAGE 
AREA-
LOCALITY. SQUARE 
Skunk River-
Vowell's (jasper 
MILES. 
Co)..... 1,275 
Fa r mer s v i II e (Mahaska Co.) 1,654 
Des Moines River. 
Bennington. II, 822 
Ottumwa (Wa-
pello Co)..... 13,465 
LOW WATER ORDINARY LOw WATER AVERAGE AVAILABLE 10 MONTHS 
DRY YEAR . YEAR. IN AVERAGE YE.~R. 
" ~ 
u . 
~g 
U u 
"" 8'" ~~ 
:> 
80 
100 
1,040 
91 
1 ,022 
1,18[ 
100 
130 
1, 050 I 
1,210 
1, 193 
1,375 
200 
1,580 
1,820 
170 
227 
1,795 
2,068 
.Tenth Census of the United States Water Power, pt. II., PP.38'-389 
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Since the towns of Vowell's and Farmersvills are no longer 
given on the maps it is necessary to locate them. Vowell's 
was on the South Skunk river in Tp. 79 N., R. 20 W., Nw. t of 
Sec.n, while Farmersville was in Tp. 76 N., R. 16 W., Ne. t of 
Sec. 23. 
From the above table it seems that the two main streams 
might well be made to yield considerable power if suitable 
dams were erected. 
STRATIGRAPHY. 
Geological Formations. 
The surface geological formations represented in the county 
are very widely separated in age, since they belong to the 
Carboniferous and Pleistocene systems. The absence of rocks 
of intervening periods indicates either that the region has 
been land from the close of the Carboniferous to the present 
time; or else, if under water since, the deposits have been 
removed by erosion. If the latter supposition were true, it 
is highly probable that there would be occasional fragments 
of the rocks of intervening periods, as the strata are seldom 
removed entirely by erosion over any considerable area. But 
no such evidence has, as yet, been reported. 
The Carboniferous has been divided into the Lower and 
Upper, or the Subcarboniferous and the Coal Measures. The 
upper part of the Lower Carboniferous, known as the Saint 
Louis, and the lower part of the Coal Measures, known as the 
Des Moines, are the sole representatives of the system in 
Marion county. The Pleistocene deposits consist of the Kan-
san drift, the loess, which was probably contemporaneous in 
origin with the Iowan ice sheet, and the more recent alluvium 
of the river valleys. 
Unconformability between the formations of the different 
epochs is plainly indicated in various places. The Coal Meas-
ures lie unconformably upon the Saint Louis, and the loess 
is in turn unconformable with the drift. Furthermore, within 
the Des Moines formation there are several local unconform-
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abilities. One of the most interesting occurs in Red Rock 
bluff, shown in the geological section along the Des Moines 
river. Here a bed of coal and shale occupies a depression 
cut in the massive sandstone. 
The Saint Louis strata appear at the surface only in the 
eastern part of the county and there only along the streams. 
The Des Moines and South Skunk rivers, with a few of their 
tributaries, such as Cedar, English and Thunder creeks, by 
the erosion of their valleys, have exposed these beds to view. 
Westward they dip under the Coal Measures, but their pres-
ence has been determined by deep drilling. The surface of 
the Saint Louis formation is quite irregular, there being num-
erous anticlines and synclines, most of them, however, of 
very limited extent. These are plainly seen at several place8 
along the Des Moines river. That the bending preceded the 
deposition of the Coal Measure rocks is shown by the uncon-
formability existing between the two formations. Pella is 
situated upon the crest of one of the largest of these anti-
clines, since the Pella beds rise very close to the surface and 
have an elevation of slightly less than 900 feet, while the same 
strata are found along the Skunk and Des Moines rivers at an 
altitude of 100 feet less. 
The taxonomic relations of the strata of the county are 
shown' in the following synoptical ta.ble: 
GROUP. I SYSTE)1. SERIES STAG~~. I FOlUIATION. 
Recent. Alluvium. 
Cenozoic. Pleistocene. Iowan. Loess. 
Glacial. 
Kansan. Drift. 
Upper Carbonifer- Red Rock ous or Pennsyl- Des Moines. Sandstone. viano 
Paleozoic. Carboniferous. 
Lower Carbonifer-
ous or Mississip- Saint Louis. 
pian. 
• 
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Underlying Formations-Rocks older than the Carboniferous 
are not exposed within the county but were encountered in 
sinking a deep well at Pella. The detailed record of this 
well is published in the report on the artesian wells of the 
state* but the following summary of Professor Norton's 
study of it may be of interest here. 
SUM MARY OF T HE DEEP WELL AT PELL\.t 
"' 
"' 
Nos. FORMATION. 
'" . c"t; Depth- A. T -
-"'''' n fe el. fee t. 
E-< 
59- 62 Pleistocene . . . . .. .. ... .. ... ..... ... . ... . IH5 l R5 733 
53- 58 D~s Moines...... .... . ..... ..... .. 195 330 538 
4'2-52 Mississippian..... .. . . . . . . . .. .. . . . . .. . . . 270 600 268 
40- 41 Kinderhook ... .... . .. .. . .. . . .......... . 125 725 143 
32- 39 Ddvonian ........... . ....... . .......... . 16;') 890 - 22 
~ 8-3l Silurian .... ........ .... .............. .. 255 1,14.~ - 277 
16- 17 Maquoketa .......................... .. 190 1,335 - 467 
4- 15 Trenton .......................... . ... . 350 1,685 - 817 
3 St. Peter ....... . .. . ....... . . . .. . . .. ... . 15 1,700 -l:l32 
1-2 Ooeota (penetrated) ... ... ... . .. .... . ... . 60 1,760 - 8\<2 
Carboniferous System 
SAINT LOUIS. 
The strata of this period consist so largely of limestones 
that the formation is frequently known as the Saint Louis 
limestone. These arethe oldest surface rocks found within the 
county. Besides limestone, they consist of marl, sandstone 
and shale. 
The following section from Tp. 75 N., R. 18 W., Ne. t of 
Se. t of Sec. 35, gives a fairly good idea of the lithology 
of the formation. All below the first three members belong 
to the Saint Louis, the upper two being Pleistocene, while the 
third belongs to the Coal Measures. The upper members are 
exposed in a quarry, while the lower ones have been reached 
by drilling. 
*lowa Geol. Surv. , \'0 1. VI, pp. 3 rO-3 '5. 
tIt is suggested by Mr. Ba in tha t the local stra tig raphy favors th e re ference of Nos. 56-58 to the 
Pleistocene . It is possible tha t the Coa l Measure material of the sa mple belongs to a till usu ally ri ch 
in such fragments. The glacial materi a ls of th e samples, which we have ta ken to have fall en in from 
above, ma y belong to till at th e hori zons s tated. 
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FEET. INCHES. 
15. Loess ....... .... ................ .. ... ... ... . 2 
14. Drift .......................... . ....... .. .... . 2 
13. Black carbonaceous shale .. .... ............. . 3 6 
12. Fossilifewus marl ........ . .......... . ....... . 8 
11 . Limestone....... . . . . . . . .. . ... . . . ...... . .... . 1 4 
10. Limestone, thin bedded..... .. ............. . 5 
9. Thick ledge of limestone ................ .... . 1 7 
8. Compact limestone ..... .. ........ .. . . . ...... . 1 5 
"7. :Flagging stone, fine grained ................. . 4 
6. White limestone .................... . ....... . 
5. Shale, carbonaceous, black, friable .. . .. . 1 
4. "Soapstone," drab ............. ...... . .. . .. .. . 7 
3. Limest( ne, hard, cherty ..................... . 1 
2. S11ale . ............................ .. ......... . 5 
1. Sandstone ................................... . 20 
Nos. 6 to 12, inclusive, have been called the Pella beds 
while 1 to 5 are known as the Verdi. 
Since other sections of the Pella beds are given under the 
'head of stone quarries it does not seem advisable to give more 
here. The following are characteristic sections of the Verdi 
beds in the northeastern part of the county. 
Tp.77N., R. XV]If W., Se. X'OFSw. ~ SEC. 24. 
FEET. 
4. Sandstone, buff, croEs-bedded, lower part very 
soft. . . . .. . . . . . . . . . . . . . . . . .. ........ . . . . . . . . 5 
3. Limestone, massive, cherty, breaks irregularly, 
has been quarried for foundation purposes . 4 
2. Sandstone, gray, soft. . . . . .. ......... . ....... 3 
1. Limestone, cherty (exposed).... . . .... . . .. .. .. 2 
The above section is exposed in the bluff of Thunder creek. 
The bluff is here much higher than indicated above, but the 
lower portions are concealed by talus. 
Tp. 77 N., It. XVllI W., ~e. X' OF Ne. X' SEC. 26. 
FEET. 
4. Drift and loess at edge of bluff (thicker farther 
back). ..... ............... . . ................ 3 
3. Limestone, cherty........ . ...... . ............ 2 
.2. Shale, argillaceous, buff . ... . . . . . . . . . . . . . .. . . .. 5 
• 
, 
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1. Sandstone massive, yellow, with arenaceous 
interbedded limestone bands one-half inch to 
four inches in thickness. These bands are 
very hard, compact, fine grained, and resist 
weathering to greater extent than sandst"ne so 
that layers stand out from sandstone on weath-
ered surface. Occasional irregular fragments of 
this limestone 1 to 2 inches in diameter are found 
in the sandstone (exposed) ...................... 20 
This section occurs on the south bank of Thunder creek t 
rising from the water's edge. 
'rp. 77 N., R. XVIII W., Ne. J{ OF SEC. 23. 
FEET. INCHES 
5. Loess and drift, gradually thickening back in hill.. 10 
4. Sandstone thinly laminated, quartzitic.... .. .... .. 1 
3 Shale, blnish gray, argillaceous. . . . . . . . . . . .. . . . . . . . 6-8 
2 Limestone, hard, cherty.... . . . . . . . . . . . . . . . . . . . . . .. 2 4 
1. Sandstone, soft, variable in color, yellow, buff.... 6 
Exposed on south siqe of Skunk river at bridge. 
The Saint Louis limestone is of fairly good quality and con-
sequently is used very exlensively for building purposes 
throughout the region in which it is found. The individual 
ledges vary little in thickness, and, because of the regular-
ityof the .assures, can be quarried to good advantage. The 
stone is usually very white in appearance and fine grained. 
Some of it when first exposed to the air is blue, but soon turns 
white. '.rhe limestone is comparatively free from impurities 
and was formerly used for the production of lime. Most of 
the rock is very fossiliferous, the principal fossils being brach-
iopods. 
The marl is highly calcareous, effervescing freely when 
treated with acid. Several layers of this marl are found 
intercalated between the limestone ledges in the upper part 
of the formation , sometimes forming the upper member as in 
the section given. On an unweathered surface the marl is 
very compact so that in quarrying it is removed in large 
blocks which, when exposed to the atmosphere, soon fall to 
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pieces. The weathered marl resembles the clay resulting 
from the decomposition of drab argillaceous shale. The marl 
is highly argillaceous and possesses little or no grit. This 
deposit is the most fruitful source of fossils of all the Saint 
Louis beds. Scarcely a cubic inch can be found that does not 
contain one or more fossils, most of which are in an excellent 
state of preservation. Many different species occur, includ-
ing brachiopods, corals, crinoids, pentremites, etc. On the 
weathered surface of a, heap of this material thrown out from 
a quarry near Pella, hundreds of fossils were picked up in a 
very short time. Thus far no use has' been made of the marl, 
but it seems not improbable that it may prove valuable as one 
of the ingredients in the manufacture of cement. 
The shale of the Saint Louis is principally argillaceous and 
is commonly called "soapstone." It is gray, drab, or blue in 
color and is very soft. Occasionally the cleavage planes are 
not well developed, so that it appears not unlike mere beds 
of clay. The shale is found principally in the lower part of 
the Pella beds or in the upper part of the Verdi. 
There is within this county usually a thin layer of black, 
friable, carbonaceous shale, found immediately under one of 
the thick layers of limestone of the Pella beds. This shale 
varies in thickness from one to four inches. It is the nearest 
representative of coal thus far found within the lower car-
boniferous of the state, and its presense seems quite unusual. 
It is prominently exposed in four different places in the 
county near the Des Moines river. 
The sandstones of the Saint Louis differ markedly from the 
sandstones of the Coal Measures in that they are always inter-
calated with thin layers of limestone or sandstone possessing 
a calcareous cement. All the layers are massed together, 
appearing as a single massi ve ledge. Frequently these inter-
calated layers of limestone are somewhat cherty in appear-
ance, so that on a weathered surface they stand out promi-
nently. The limestone layers are usually from one to three 
inches in thickness, and are found from six to twelve inches 
146 GEOLOGY OF MARION COUNTY. 
apart. Occasionally they attain a thickness of from one to· 
three feet, but even then there is no marked bedding plane 
between the limestone and the sandstone. In a few places. 
the Randstone of the Saint Louis, together with the interca-
lated limestone ledges, has been quarried for foundation pur-
poses. Its characters, however, are such as to make it quite· 
undesirable because of the irregularity with which it breaks. 
In these respects it is quite unlike the indurated rocks of the· 
Pella beds. 
While no attempt was made to secure a complete list of the 
fossils found in the Saint Louis of the county, the following 
were frequently observed. Most of them occur in the marl 
of the Pella beds, previously noted. 
Al101'isma mm'ionensis, White. 
Spi1'ij e'r keokuk, Hall. (S. litttori, Swallow). 
Rhynohonellct (puqnax) ottumwa, White. 
AthY1'i8 (seminula) subquadrata, Hall. 
PrOd1totus ma1'qinicinotus, Prout. 
Te1'ebmtula (dielasma) tU1'qida, Hall. 
Orthis keokuk, Hall. 
Zaplw'entis pellaensis, Worthen. 
Pentremites koninekana, Hall. 
Trilobite, (fragments undetermined.) 
Ohaetetes, sp. undescribed. 
Crinoid stems. 
Bryozoa, (specimens not identified.) 
DES MOINE::;, 
The Coal Measures form the surface rocks of the entire 
county, except where they have been removed in the eastern 
part in the valleys of the streams. On the uplands they are 
concealed by the drift and loess but every large stream cuts 
down into them. The Coal Measures generally have a slight 
dip to the southwest and gradually increase in thickness as 
one proceeds from the northeastern to the southwestern part 
of the county. 
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The rocks of the Coal Measures consist of shale, coal, sand-
stone, limestone and conglomerate. The maximum thickness 
is probably about 600 feet. These beds have been deposited 
upon the eroded surface of the Saint Louis and are conse-
quently everyw here unconformable with them. At one place 
a short distance south of Pella, a block of Saint Louis lime-
stone was found included in the Coal Measure shales. Beds 
of coal frequently occur at a lower level than the Saint Louis 
limestone at neighboring outcrops. In these respects the 
Coal Measures of Iowa agree with those of Kansas. At the 
close of the Lower Carboniforous the rocks just formed were 
uplifted to form land, and a period of active erosion prevailed. 
Strange to say the Pella beds, consisting largely of marl which 
is so easily worn away, were in some places left at the sur-
face. The base of the Coal Measures frequently rests upon 
this marl. At other points it has been worn away and they 
rest immediately upon the lower limestone layers of the 
Pella beds, while in one place along the South Skunk river 
the latter are entirely wanting, so that the Coal Measures 
are found immediately overlying the Verdi beds. These 
facts seem to indicate a considerable period of erosion between 
the deposition of the Lower Carboniferous and the Des Moines 
rocks. In this county the maximum erosion was about thirty 
feet; in an adjoining county it was very much greater. 
The rocks of the Coal Measures vary rapidly in longitudinal 
as well as in vertical extent, thus making it exceedingly 
difficult to definitely correlate the different horizons. Very 
few strata can be traced more than two or three miles. Sand-
stones gradually pass into arenaceous shale, from that into 
bituminous shale, and then into coal. When changes such as 
these occur, if the intermediate steps cannot be seen, it 
becomes exceedingly difficult to make general sections with 
any degree of accuracy. Wells sunk in the Coal Measures, 
sometimes only a few rods apart, pass through quite different 
materials. At times this is due to contemporaneous erosion, 
which will be discussed later in connection with the Red Rock 
148 GEOLOGY OF MARION COUNTY. 
sandstone, but more frequently is due to the different kinds of 
deposits formed contemporaneously in adjoining regions. 
The following sections taken from various parts of the 
county are characteristic of the Coal Measures. 
ENGLISH CREEK, Tp. , 75 N., R. 19 W., Sw. ~ OF Ne. ~ OF SEC. 2. 
FEP;T INCHES 
10. Loess .. . ... ..... ............ ..... .. ... ....... . . . .... . ...... 1 
9. Drift....... .... . . ................. ... . . ........ .. .. .. .... 3 
8. Shale, gray, argillaceous ............. ................... 2 
7 Sandstone massive, yellow, aod buff .. '" ........... . ...... 10 
6. Shale, arenaceous. light yellow ......... .... ..... ........... 2 1 
5. Shale. black, containing large concretions .. ... .. ....... .. .. 18 
4. Limestone, extremely hard, blaCK, containing iron pyrites .. 1 6 
3. Shale, arenaceous ........................ . .. ...... ... . ..... 10 6 
2. Limestone, hard. black, called hydraulic rock. . . . . . . . . . . .. 1 6 
1. Shale, black to water's edge (exposed) ..................... 13 
This section is near the base of the Coal Measures, the 
Saint Louis appearing a very short distance down the stream. 
Presuma.bly the black shale rests upon the upper member of 
the Saint Louis. 
CEDAR CRERK 'I'p. 74 N. R., XVIlI W., Sw. ~ OF Se. ~ Olr SEC. 2. 
FEET. 
6. Shale, white, argillaceous. . . . . . . . . . . . . . . . . . . .. 8 
5. Sandstone, yellowish brown, variable hardness. 
formerly quarried...... .... . .. ... .. . ... .... 8 
4. Shale, yellow...... ... .... ........ ... . . . .. . . . . * 
3. Shale, bituminous. . . .. . . .. . . ... . . . .... . .. .... * 
2. Shale, a renaceous, gray, at times sandstone 
proper; numerous plant fossils. . . . . . . . . . . . . .. * 
1. Sandstone, in bed 9f creek, extremely hard, 
brown, containing somjl Ca CO., exposed. . .. 2 
WHI'I'E BRICAS'I' CRREI{ Tp. 75 N" R, XX W., Se. ~ OW Se. ~ OF SEC. 19. 
FEET. INCHES, 
10, Clay, yellow, derived from decayed shale. . . . . Ii 
9. Shale, bituminous ... ", , ... , ......... , . . . . . . . Ii 
8. Coal, very soft .. , , , , , , , . ,. .,., . ... ....... , ... 1 I) 
7, Fireclay, arenaceous, extremely hard, much 
fractured, filled with lepidodendron roots ... 2 
6. Sandstone, gray, thinly laminated, soft. ... . .. 4 
5. Sandstone, gray, massive, has been quarried.. 8 
*Numbers 2 , 3 and 4 are poorly ex posed and thickness could not be determined. 
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FRET. INCHES. 
4. Shale, arenaceous............................ 1 4 
3. Sandstone, gray, soft . . . . . . . . . . .............. 2 6 
2. Shale, arenaceous .. .... ...................... 5 9 
1. Sandstone, massive, buff to gray, displays very 
irregular cross-bedding, exposed to water's 
edge .. .. .................... . ............... 25 
The coal mentioned in the above section has been mined 
near here for home use. In one mine it is almost two feet in 
thickness but on account of its poor quality is of little value. 
WHI'fE BREAST CREEK 'J'p. 74 N., R. XXI W. , Ne. ~ OF Ne. ~ OF SEC. 4. 
FEET. INCHES. 
11. Drift and loess ............................... 10 
10. Shale, yellow, argillaceous. . . . . . . . . . . . . . . . . .. 5 
9. Shale, bituminous............................ 3 
S. Coal, very soft...... ...... . . . . .. . . . . . . . . . . . . . 1 2 
7. Fire clay.......... . ..... .... .... .. ... ... .. .. 2 3 
6. Coal, soft ••..•• ..... ..... _ . . . . .. . . . . . . . . . . . . . . 4 
5. Fire clay ..... , ..... .......... ... .. . ... . ..... 2 6 
4. Sandstone, thinly laminated, white........... 1 
3. Sandstone, massive, buff, yellow; is quarried.. 4 
2. Shale, gray, arenaceous....................... 3 
1. Shale, bituminous (exposed).............. . .. 10 
A third bed of coal which averages about three feet in 
thickness is said to be reached a short distance below this 
section. 
Over most of the county the Coal Measures are represented 
by thick beds of shale with intercalated coals. The shales 
are principally bituminous, although the argillaceous and 
arenaceous varieLJies are not infrequent. They are of such a 
motley character that no general statements oan be given 
which will apply to all of them. In color they- vary from white 
to black with the gray, drab, red and blue well represented. 
Nearly all the Coal Measure shales seem to have been depos-
ited in small basins and hence have very little lateral extent 
and vary greatly in thickness. The only positive characters 
which might distinguish the Coal Measures from the Lower 
Carboniferous shales are the greater abundance in the former 
13 
• 
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of bituminous matter and of fire clay filled with the roots of 
the coal plants underlying the beds of coal. Selenite crys-
tals of a diamond shape are frequently found in the argillac-
eous variety in considerable abundance . 
. 'l'he limestones of the Coal Measures are limited in amount 
and are usually of very poor quality. They are quite impure 
owing to the considerable percentage of silica present, but 
yet at one time lime was burned from a ledge of this rock. 
This lime was used in building the foundation of the old court 
house and, notwithstanding the impurities, seems to have 
been very durable. The limestones are heterogeneous in 
character and consequently break irregularly. For the same 
reason the weathered surfaces are very rough. Fossils of 
marine invertebrates are frequently present, but not in such 
large quantities as in the Saint Louis limestones. Still, 
the weathered surface of almost every ledge of this lime-
stone will show some crinoid stems standing out from the 
matrix. The rock is either white or yellow, except in those 
cases where it is found in contact with the coal. It then be-
longs to .another class which has been described by Mr. Bain 
in his report on Polk county.* It is called clay-irollll~tone, 
which is merely an impure form of limestone. In one of the 
mines near Flagler a ledge varying in thickness from eight to 
twelve inches is found near the upper part of the coal vein. 
The stone when removed from the mine is of an intense black 
color and usually very hard. When exposed to the weather 
the surface becomes whitened until it does not appear unlike 
ordinary limestone. Besides calcium carbonate and the cal-
careous material whose presence can be easily detected by 
the color of the weathered and unweathered stone, analyses 
show the presence of both iron and sulphur. The following 
&nalyses of specimens of this stone from Mahaska county 
illustrate this: 
* Iowa Geo!. Su rv., vo!. VII . p. 297. D es Moines, 1897. 
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ANALYSIS OF IRONSTONE BOWLDERS FROM COAL SEAM IN MINE OF AMERICAN 
COAL CO., EVANS, MAHASKA COUNTY, IOWA. 
Hygroscopic water (loss at 100 degrees C) ........... . 
Carbonic acid, CO2 ••••••••••••••••••••••••. . • • ••••••• 
Other volatile and combustible matter.. .. . .. : ...... . 
Silica and insoluble ...... . ........ . ................. . 
Sulphur (in Fe 8,) ................ . ......... . ... . ... . . 
Iron (in Fe SJ . . . .. .......... ...... ... .... ........... . 
j ron protoxide, .Fe U ................ . . .. . ...... .. .... . 
.25 
39.67 
7 .78 
.10 
.64 
.56 
.38 
Alumina, Al, 0 3. ..... .... ....... ...... ... . .. ........ .34 
Manganese oxide, calculated as MnU .... " .......... .38 
Lime, Ca 0 ......... .. ....................... .... .... 49.62 
99.32 
Loss and undetermined...... . . . . . . . . . . . . . . . . . . .68 
100.00 
PROBABLE COMBINATIONS. 
Hygroscopic water....................... . .. ......... .25 
Organic matter and combined wate-r..... . .. . .. . .. ... 7.78 
Pyrite. Fe 82 , •••••••• ••• • ••• •••• . • • • •• • • • • ••• •• •••••• 1.20 
Calcium carbonate, Ca COs.... .... .......... .. .. ..... . 87.89 
Silica and silicates of alumina......... .............. 2.88 
Carbonates and oxides of Fe.Mn., etc ....... ... ...... . 
100.00 
ANALYSIS OF ROCK FROM TOP OF ROOM, COREY'S MINE, ROSE HILL, MAHASKA 
COUNTY . 
Water expelled at 100°C.............................. .25 
Carbonicacid,COs ............ . ......... .. .. . .... .... 25.10 
Silica and insoluble matter. .. . ....................... .30 
Sulphur (as FeS,)..................... . ............... 18.30 
Iron (as FeS) ................ ....................... 16.00 
Sulphuric acid, 80s. . .... .. .................. ...... ... 1.27 
Sulphur, free or otherwise combined*....... . ... . .... 1.30 
Lime, CaO ......................... ... ........ . ..... 32.94 
Alumina,Al,Os ................................... ... .54 
Organic matter and water expelled by ignition (mostly 
organic matter) by difference*.... .......... 4.00 
100.00 
APPROXIMATE COMBINATIONS. 
Hygroscopic water ................... '" . . .... .. . .. ... .25 
Calcium carbonate, CaC03 .... ............... ........ 57.04 
Pyrite, Fe S, . . . . . . . . . . . . . . . . . .. ...................... 34.30 
.Uncertainty here. Needs further investigation. 
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Silicates, sulphates and sulphur in some form ? . . . ... . 4.41 
. Organic matter, water and loss by difference ...... . . 4.00 
10000 
It is very seldom in this region that these impure limestones 
are found in the form of a continuous stratum; they usually 
occur as lo'ose bowlders lenticular in shape and of various 
sizes. The long diameter of the bowlders is always parallel 
to the planes of stratification. At, times these bowlders occur 
in such large numbers that they seriously interfere with the 
process of mining and some mines have been abandoned 
merely because of their presence. They occur in largest 
numbers in the overlying black shale or in the upper part of 
the coal bed although occasionally some are found near the 
base. In a few places bowlders of such large size have been 
encountered lying within the seam that the coal was almost 
entirely cut out. At one place a shaft was sunk upon one of 
these bowlders and no coal at all was struck, but it was found 
by drifting off to either side. 
The conglomerates of the Coal Measures of this county are 
not well developed, there being only two places where they 
are prominently exposed. These are in Moose's quarry, a few 
miles northwest of Knoxville. and Feight's quarry, in the 
southwestern part of the county, near Newbern. Both of 
the<;;e conglomerates are calcareous. While they are of con-
siderable thickness they seem to have but small lateral exten-
sion and to occupy small basins in earlier Coal Measure 
deposits. Neither one can be traced far, either by exposures 
or by well records. They do not seem to be contemporaneous 
and the former is much the older. In the first mentioned out-
crop fossils of calamites are abundant, while in the latter frag-
ments of marine organisms are present in large numbers. In 
Moose's quarry the limestone conglomerate alternates with 
sandstone. The following section is taken from this locality: 
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MOOSE QUARRY SECTION 
FEET. INCHES. 
14. Sandstone......... .......... .. ....... ... ..... ........ 6 
13. Limestone conglomerate, marked cross bedding....... 2 6 
12. Sandstone................ ............ . . ...... ..... ... S 
11. Shale, white, argillaceous...... .... .. . . . .. ... . ... ...... 6-24 
10. Limestone conglomerate................ .............. . 22-32 
9. Sandstone, thin bedded . . .. ... .... ... . ... .. . ...... .. 20 
S. Limestone conglomerate, breaks into pieces eight to ten 
inches in thickness....... .......................... 2 6 
7. Sandstone, hard, coarse, brown . .................. .., 1 
6. Sandstone. brown, soft.. . . . . . . . .•. . . . . . . . . . . . . . . . . . . . . . 3 6 
5. Sandstone, gray, hard.......... . . . ................. . . . 2 
4. No exposure ....................... .... ..... . ........ 50 
3. Coal ........... . . .. .... . . ... ... .. .... .. ........ .... _ 28 
2. Fire clay . ........ .. ..... . ... . . ...................... 1 
1. Coal................... .......... ......... . ..... . ... 24 
The quarry is located near the top of a hill while the coal 
outcrops in the ravine at its base. The limestone conglom-
erate spoken of in the above section is by the quarrymen 
usually known as "bastard" limestone. 
The sandstones of the Coal Measures are very well repre-
sented in the nort.hern part of the county and are found in other 
parts also. They contain considerable iron, and, at times, 
are very highly colored. They differ from the Verdi sand-
stones in these respects and also in being more highly mica-
ceous. (See plate V.) 
RED ROCK SANDSTONE. 
This sandstone, belonging to the Des Moines formation,' is 
in many respects the most interesting deposit of the county. 
It has been noted and described by everyone who has done 
any geological work in this region. It outcrops along the 
Des Moines river a short distance below and above the town 
of Red Rock. Its greatest thickness at these places is slightly 
over 100 feet. It is interesting because of its great thickness 
and the very small area over which it is found. On either 
side, to the east ~nd the west, it ends abruptly and no further 
traces are found of it in either direction. Owen, who passed 
154 GEOLOGY OF MARION COUNTY, 
up the Des Moines river in 1849, supposed that its disappear-
ance was due to great faults on either side with a vertical 
displacement of at least 100 feet. It seems, however, on closer 
study that this disappearance is due, not to faulting, but to 
contemporaneous erosion. Since this term may not be gen-
erally understood I quote from. Scott*' in explanation of it. 
Contemporaneous erosion "is produced when a current of 
water excavates channels for itself in the still soft and sub-
merged mass of sediment. • After the current has ceased to 
flow renewed deposition fills up the hollow with the same or a 
different kind of material than was thrown down before. 
This structure requires only a short pause in deposition, not a 
long unrecorded break, and does not necessarily involve move-
ments of elevation and depression. Furthermore, contem-
poraneous erosion is a local phenomenon, and though in a 
limited section it may not always be easy to distinguish it 
from an unconformity, the difference becomes apparent when 
a wider area is examined. If tbe structure be one of contem-
poraneous erosion tbe two series of strata will be conformable 
except along the line of the channel or channels." 
The reason for believing that cont.emporaneous erosion is 
the correct explanation rather than faulting is tbat the sand-
stone occurs in a region where faults are infrequent and, when 
present, have a very sma.ll vertical displacement. Further-
more, Coal Measure shales are found lying against the sand-
stone and unconformable with it. Thus it seems that the area. 
now occupied by the Red Rock sandstone was originally a place 
.of great deposition of sand which certainly had a much greater 
:lateral extent than at present, but streams during the Coal 
:Measure period eroded it on either side and left this small 
-,isolated mass. It is probable that this mass was once also 
~thicker than at present and was considerably reduced in thick-
-jIless during the erosion of its borders. During the Coal Meas-
'ure period the sediments bad not yet become so thorougbly 
consolidated as at the present time so that the removal itself 
· SC!,.!!., Int_r09)1~ ti!)J) to Geology , pp. 272-273, Mac mill ans , 18<)7 , 
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was much easier. Possibly the erosion took place while it 
was a mere loose mass of sand. 
While detailed study has not been made to connect this area 
with the massive sandstones along the Des Moines river in 
Mahaska county, from their position near the base of the Des 
Moines formation it seems probable that they were at least 
contemporaneous in origin if not actually connected at one 
time, the intervening area having been removed by stream ero-
sion. The rock of the two outcrops is quite different in char-
acter, but sandstone is so variable -that it would be unusual to 
find the same characters at the two places, especially as re-
gards composition and color, separated. as they are by a dis-
• 
tance of about fifteen milefS. 
This sandstone has its greatest extent in a south-west-north-
east direction, the southernmost point being Eagle Rock, lo-
cated directly south of the most eastern outcrop along the 
river. Northward it was traced by well records to connect 
with the large sandstone quarries located about four miles 
northeast of Monroe, in Jasper county. Here it again comes 
to the surface along the south bluff of the South Skunk river 
and is extensively quarried. 
It is not improbable that it extends even farther northward 
as there are outcrops of similar stone at Lynnville and Kellogg 
in Jasper county, though these may belong to an entirely dis-
tinct formation. The sandstone has an extent north and south 
of at least eleven miles with a maximum width of about three 
miles. But within this area it has been removed in several 
places. Eagle Rock is an isolated portion separated from the 
larger area on the north by a small ravine; northward one deep 
well record was obtained which did not pa~ through any thick 
layer of sandstone at all comparable to the Red Rock sand-
stone, while wells in the immediate neighborhood. were sunk 
into this sandstone a great distance, but failed to penetrate it. 
The isolation of Eagle Rock illustrates recent stream erosion 
while the absence of the sandstone in the well is due to erosion 
during the Coal Measure period. 
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Eagle Rock is a small hill extending east and west for a 
distance of about one quarter of a mile with a width slightly 
less. It forms a part of the north bluff line of White Breast 
creek, and where it has recently been washed by the waters 
of this stream it present.;; a vertical face of fifty-three feet of 
massive sandstone. The ridge rises fifty feet above this, but 
the rock is not exposed. No trace of this ledge is found south 
of the creek but instead, at the same level, thick beds of Coal 
Measure shale occur. Its former westward extent from Eagle 
Rock is indicated by the sand ridge occurring between the 
Des Moines river and Teter creek, the sand of which has 
undoubtedly been derived from this sandstone which itself has 
• been removed by the latter stream. 
The color, composition and hardness of this rock varies con-
siderably in the area described. That of Eagle Rock is gray 
or buff in color and firmly consolidated throughout the greater 
part. In places, however, the cementing material seems to 
have been very insufficient, thus leaving pockets, as it were, 
of loose sand. In the exposed face of the rock these appear 
as holes of variable size: Within one of these it is said that 
an eagle formerly built its nest for .several seasons, thus giv-
ing the name to the rock. 
As it outcrops along the Des Moines river the sandstone 
resembles that of Eagle Rock in that the sand grains are 
chiefly quartz with the principal cementing material iron oxide. 
It also varies in hardness in the same way. Unlike the Eagle 
Rock sandstone, however, the predominant color is brick red, 
although large masses are gray oi' buff in color. The two 
most notable exposures are Elk Cliff in Tp. 76 N., R. XIX W., 
Ne. t of Ne. t of Sec. 7, and Sw. t of Sw. t of Sec. 5 and the 
Red Rock stone quarry in Tp. 77 N., R. XX W., Sw. t of Ne. 
i of Sec. 35. In the quarry the distribution of the red color-
ing matter is not in layers but occurs in irregular blotches 
throughout the mass. In places the color of the stone changes 
very r~pidly so that a deep red may be next to a white mass. 
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The line of contact is usually a sinuous one although at times 
nearly straight. The color is due to the presence of iron 
oxides, since analyses shows that' the buff rock carries. 94 per 
cent of these while the red contains 2.65 per cent.. The ques-
tion arises whetber the coloring of the stone was contempo-
raneous with its deposition or not. Tbat it has not been caused 
by exposure to tbe atmosphere, thus allowing tbe oxidation 
F IG. 9. View on the Des Moines river a t Elk Cl iff. 
of tbe expo::;ed layers, is quite apparent from its very irregular 
distribution. The porosity of the rock would indicate that 
the color had not been caused by percolating water, contain-
ing iroll in solution, subsequent to tbe cementation, since the 
buff possesses the greater absorptive power of the two. The 
percent of increase of the buff is 10.82 and of red 8.64.* 
The banlne::;s of the stone seems, in general, to correspond 
*Baiu. Iowa Geol. Sur\'. , vol. viii, pp . 4 10-.. p 2 
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to the color, the darker colored stone being harder than the 
buff. Thus we may say with a considerable degree of cer-
tainty that the color is contemporaneous with the cementa-
·tion process. The irregular distribution is similar to the 
-segregation of nodules of iron pyrites in shale and coal beds, 
and to the collection of the calcareous matter of the loess in 
the formation of the loess-kindchen. 
In this same quarry large spherical concretions are occa-
sionally found composed of material not unlike quartzite in 
FIG . 10. Red Rock Quarry. showing quartzitic concretions in the Red Rock Sandstone at the top. 
appearance. They vary in size from a diameter of six inchEs 
to three feet. A slight flattening in the vertical direction is 
quite noticeable. They are extremely hard and so interfere 
seriously with the sawing of the stone. In color they vary 
from a white to a gray, never being highly colored. At 
first thought it might seem that they were deposited as 
bowlders at the time the enclosing mass of sandstone was 
formed. But careful observations disprove this, since a very 
gradual transition from the quartzitic mass to the softer sand-
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-stone can be noticed. Microscopic studies show that these 
masses have been rendered quartzitic through the secondary 
enlargement of the sand grains by additions of silica. 
Northward from the Des Moines river no outcrop of the 
Red Rock sandstone is found until the quarry near Monroe is 
reached. Here the stone is of a much more compact nature 
and the cementing materials, especially at the base, seem to 
have been much greater in amount. It is also somewhat 
·coarser grained, while the coloring matter is more evenly dis-
tributed. The lower laye'rs are very dark red whi.le the upper 
·ones are gray. The sandstone at this point shows a vertical 
,exposure of thirty-five feet. 
The Red Rock sandstone is unconformable with the under-
lying Coal Measures and also with the Saint Louis. Although 
not the basal member of the Coal Measures this sandstone 
immediately overlies the Saint Louis a short distance above 
.Elk Cliff. Here the upper members of the Pella beds rise in 
:a low anticline about fifteen feet above· the river with a lat-
·eral extent of a few rods. Elsewhere shale beds including 
·coal are found between the Saint Louis and the Red Rock 
-sandstone. Keyes'x- estimates that these shales are at least 
;seventy-five feet in thickness as exposed along the Des Moines 
river. Where the sandstone is the thickest no well records 
have been obtained in which this stone has been penetrated 
-to the underlying formations because very few w_ells, if any, 
go through it, sufficient water being obtained within the sand-
:stone. 
In Missouri a sandstone deposit, nearly 200 feet in thick-
ness, is found in the Coal Measures which is similar to the Red 
Rock sandstone in occupying only a small area. It is, how-
ever, more recent in origin. It is known as the Warrensburg 
-sandstone. t 
The lower part of the Coal Measures of Iowa seems to be 
equivalent to the Cherokee shales of Kansas, described by 
• Iowa Geo!. Surv. , vol. II. p. 146, Des Moines, 1894. 
t Winslow; Mo . Geo!. SUfi'. , vol. IX, pp. 45-54, J efferson City, 1896 . 
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Haworth. * There are naturally 
many minor differences, there be-
.~ ~.- '- ,,..,... --- .-
ing no development of sandstone in 
Kansas comparable to the Red 
Rock formation. The conglomerate 
previously spoken of as occuring a 
short distance north of Knoxville 
seems to be of later origin than t.he 
Red Rock sandstone. It is, per-
haps, best correlated with the con-
glomerate described by Shepherd 
in his account of the Coal Measures 
of Greene county,Missouri. t This 
~ rock occupies depressions in a basal 
" :; sandstone known as the Graydon 
-'" ~ sandstone. These can be compared 
~ with each other only in their posi-
.:= tion and not from any characters 
c 
~ possessed by the strata themselves. 
1;' In the Red Rock quarry a very 
~ good example of local unconformity 
§ 
o occurs. This is a small basin c 
~ formed in the upper part of the 
;:J sandstone which has been filled 
: by Coal Measure shales and a bed 
~ of soft coal. This has been des-
cd bed by Keyes in former reports 
of the survey:!: and is shown in the 
section along the Des Moines. 
From the different kinds of 
deposits found within the Coal 
Measures of this ('ounty and their 
comparatively local extent it would 
seem that the conditions existing 
during their formation were un-
* Univ . Geol. Sun'. Kansas , vol. 1, pp. 150-151,221 -
224, Topeka, 1&;6. 
t ~10. Geol. Surl' , vol. X II , pp. 123-138. Jefferson, 
City, 1&;8. 
~ Iowa Geol. Sun'. , 1'01. I, PI). 100, J08; 1'01. 11 , p. 52 . 
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favorable for any extended deposit. While the Red Rock 
sandstone was being formed in the northern part of the 
area, shales of various kinds were being deposited in the 
southern; it is not unlikely that during the time the coal was 
being deposited in the basin above the sandstone, thin ledges 
of sandstone were being formed in other parts of the county. 
Indeed it is highly probable that other sandstones found within 
the county owe their origin to the deposition of sand removed 
by streams from the former extensions of the Red Rock 
formation. Some of the arenaceous shales may have had a 
similar origin. 
Fossils of the Coal 1l1easul'es.-The fossils of the strata of 
this period include the remains of both animals and plants, 
but more particularly the latter. Fossil plants in great num-
bers and almost perfectly preserved are found in many places 
in the shales and sandstones. On White Breast creek, directly 
north of Knoxville, and on the Des Moines river south of 
Pella, literally wagon loads of plant remains could be obtained 
with very little effort. They occur either in arenaceous shalelil 
or fire clay. These fossils are the remains of coal plants, 
lepidodendrons, sigillaria, calamites, and ferns. The fire 
clay underlying the coal beds is usually well filled with the 
fossilized roots of the coal plants, while the shales above con-
tain many leaf impressions. 
The fossil plants above mentioned occur in layers and so 
are unlike the ones described by A. C. Spencer* in the fellow-
ing article quoted in its entirety: "The wide celebrity of the 
fern-bearing concretions from the Carboniferous beds of 
Mazon creek, Illinois, attaches more than passing interest to 
the occurrence of similar structures in the Coal Measures of 
Iowa. 
"These concretions are found in a small ravine near the Des 
Moines river north of Dunreath, in Marion county. Careful 
search for similar concretions in the gullies of the neighbor-
ing streams has not been successful, from which it seems that 
• Proc. lao Acad. Sci. Vol. I, pt. IV p 55, Des Moines, 1894. 
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the strata, which are cut by the streams in question, lie above 
their general level on a slight anticline. The other alterna-
tive is that the concretions are limited- to a very small area, 
but from the relations of the overlying beds the first expla-
nation seems to be correct. 
"The plant remains are found in nodules or concretions, 
scattered through beds of drab shale. These, when broken 
open, often display very perfect forms. Plant remains are 
not, however, present in all the concretions. Others are like 
small septarial masses and are filled with zinc blende. * 
"The nodule-bearing- shale is from three to perhaps ten feet 
in thickness, and of a light drab color. ~t rests upon an irregu-
lar layer of large septarial masses, which, exposed in the dry 
bed of the stream, resemble roches-moutonnees of a small scale. 
Above are shales, in part bituminous and in part arenaceous. 
Four inches of compact gray limestone, bearing fern impres-
sions, follow, above which is more sandy shale and a thin 
seam of cO,al which has been mined near by. The coal is about 
fiHeen feet above the concretionary bed. 
"Many ~f the concretions have beeu washed out and are 
found already opened, but the best specimens are those 
recently exposed, which afford very perfect leaflets of several 
ferns. Among the forms identified were Neuropte1'is hU'suta: 
N. auqustifolia and Annularia lonqifolia. Others will undoubt-
edly be found when more material is examined." 
The animal remains of the Coal Measure rocks of the county, 
while not so abundant as the plants, are much more varied. 
Two localities deserve especial mention: These are Ruck-
man's coal mine, Tp. 75 N., R. XIX W., Sec. 20, and Feight's 
stone quarry, Tp. 74 N., R. XXI W., Nw. t of Nw. t of Sec. 
28. At the former place, in the roof material of the mine, so 
plentiful are the fossils, and so perfectly preserved, that not 
even the Pella beds marl of the Saint Louis surpasses it as a 
collecting ground. 
*Mr. Spencer here seems to have made the error, so common in this region, of mistakin2' siderite 
for zinc bIen de, 
THE KANSAN DRIFT. 163 
The stone in which they occur is an impure limestone, con-
taining so much bituminous matter that it is as black as coal 
when taken out. On exposure, however, it whitens similar 
to the clay ironstone previously described. The other place 
mentioned is of interest because of the presence of an un-
usually large number of crinoid stems and scutes of the fish 
known as Petr·odus. The stone containing them is a massive 
F ig. 12. Fossil fish found in old coal mine in the south part of Knoxville. 
ledge of limestone conglomerate, varying in thickness from 
eight to twelve feet. The fossils appear very prominently on 
the weathered surface. 
Pleistocene. 
THE KANSAN DHIFT. 
The drift of Marion county is that formed by the Kansan ice 
invasion. None of the other ice sheets, with the possible 
exception of the pre-Kansan, are represented here. This 
mantle of drift originally covered the entire county and was 
probably quite evenly distributed. Since the glacial period, 
stream erosion has been very active and all of the streams of 
any importance have cut down through it. The drift is promi-
nently exposed on almost all hillsides, but is covered on the 
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bottoms by alluvium and on the uplands by the loest';. Its 
thickness varies considerably, being seldom less than five or 
more than one hundred feet. 
The drift consists chiefly of bowlder clay of a blue or yel-
lowish color, containing many glaciated pebbles. Large bowl-
ders are frequently met with in the bottom of the ravines and 
streams, but are Eeldom seen in other localities. Occasion-
ally a ravine will be fairly filled with these bowlders as is 
notably the case with one in Tp. 75 N., R. XX W.,Se. i of Se. 
1 of Sec. 20. Here one of considerable size was found which 
measured three feet two inches by two feet four inches by two 
feet six inches. This was the largest one observed, most 
of them being little more than a foot in diameter. These 
glacial bowlders represent various kinds of igneous and sedi-
mentary rocks and are of many different colors. The most 
common variety is red granite. Many of them are greatly 
striated and polished, sometimes only on one side, but fre-
quently on two sides almost parallel to each other. 
That the ice had great force as it moved over the country 
is evidenced by the position of the rocks in a stone quarry ; 
located a few rods south of Marion county, in Lucas. Here 
in a ravine a great thickness of Coal Measure limestone out-
crops, the rock being quarried in several places. By action 
of the ice this stone was broken into large and small masses 
which were shifted about somewhat, but not removed. The 
rocks appear as they might had they been fractured and dis-
turbed by a great earthquake. Most of these blocks have 
later been loosely joined together by deposits of calcareous 
matter from percolating water. Some of the fragments are 
many.feet in diameter, while others are only a few inches. 
That a considerable length of time elapsed between the 
periods of deposition of the drift and the overlying loess is indi-
cated by the color of the upper portion of the drift sheet. In 
that part exposed to air previous to the deposition of the loess 
the iron has been oxidized to a red color. This zone of weath-
ered drift has recently been designated by the term ferretto. * 
• Proc. Iowa Acad. Sci., Vol. v, 1897, pp. 90. 
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It varies in thickness from six to twenty inches, but has per-
haps an average of about fourteen. The porosity of the till 
seems to have been an important factor in determining the 
extent of the oxidation. 
In the Saint Louis limestone quarry near Durham, Tp 75. 
N., R. XVIII W., Nw. 1 of Sw. 1 of Sec. 4, an old forest 
bed is found. 
The section here is as follows: 
FEET . 
5. Black soil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
4. Loess ... . ..... . . . . . . . .... . . . .. . ... . .......... . .... ... . . . . ......... 10 
3. Black soil, with numerous small stems and roots. . .. .... . .. ....... 2 
2. Water worn gravels and fine sand..... .. ....... . .. . ... .......... 8 
1. Saint Louis limestone.. . . . . . .. . . . . ... . . .. .. . .. .. .. . . . . . ... . .. . .... 6 
This section is briefly described and figured by McGee in 
his report on the geology of northeastern Iowa* 
The forest bed seems to be post-Kansan and probably is of 
the same general age as the Buchanan gravels. The color of 
the old soil indicates the presence of a large quantity of 
vegetable material. It also shows vertical jointing, with the 
joints very numerous. The deposit seems to be quite local 
as it appears only in the east end of the quarry. 
The bowlder clay is quite homogeneous in character, con-
sidering the number of different kinds of material entering 
into its composition. This material has been derived from 
many sources, picked up as the ice advanced, and finely pul-
verized and intimately mixed together. Some grit can usually 
be detected even in the most finely divided clay. 
LOESS. 
The loess of this district possesses no character to distinguish 
it from that of the other counties of the state. It is a fine, 
dull gray, homogeneous deposit found everywhere over the 
uplands and occasionally extending down the slopes of the 
valleys and connecting with the alluvium. This is always true 
in the preglacial valleys, and may be found in post-glacial 
*Eleventh Ann. Report U. S. Geo!. Surv .. pp. 494, su. 
14 
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valleys, where it has been washed down over the drift. In 
passing down a steep hill~ide from the uplands, one passes suc-
cessively over exposed layer'S of loess, drift, country rock, and 
alluvium. The 10es8 deposits range in thickness from a few 
feet to seventeen feet. Small, irregular concretions of lime, 
sometimes two inches in the longest diameter, are very 
abundant in certain localities. These are known as loess-kind-
chen. While no special effort was made to collect fossils from 
the loess a few were found. In the main, however, the loess 
deposits of this county are sparingly fossiliferous. The loess 
displays the characteristic vertical jointing. It contains small 
quantities of sand, the individual grains being so fine as to be 
invisible to the naked eye. 
ALLUVIUM. 
The alluvial deposits are the most recent ones and are rep-
resented by the black alluvial soils of the river valleys. They 
have been derived principally from the loess of the uplands. 
A large amount of vegetable material is present, thus render-
ing these soils very productive. The alluvium, as a general 
rule, is evenly distributed over the flood plains of the larger 
streams, and the bottom lands are so level that they are drained 
with difficulty. White Breast creek, in Tp. 76 N., R. XIX. W., 
Sec. 19, has built up one bank slightly higher than the sur-
roundirig flood plain so that there is a noticeable slope from the 
bank of the creek back to the bluff line, similar to the Mississ-
ippi in its lower course. This is produced in times of flood 
when the creek overflows. The greatest deposit of sediment 
is made just at the bank, where the first loss of velocity of the 
overflow water occurs, and the carrying power is correspond-
ingly decreased. 
The alluvium that is continually being carried down into 
'these river valleys i~ time fills up the lakes or ponds which 
represent former cut offs. Thus, these bodies of water are 
only temporary. 
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Sand Ridg88.--At three localities, as shown on the map, 
sand covered areas of considerable extent are found. These 
ridges could scarcely be called sand dunes, since they do not 
possess the dune-like form, neither are they composed entirely 
of sand. The term ridge is also a misnomer, since they are 
not true ridges, but common usage is followed in designating 
them thus. They are sand covered uplands of limited area 
and topographically scarcely unlike other uplands. The larg-
est area is about one and one-half miles in length with a max-
imum width of one mile. They are all located near streams, 
the distance from the latter seldom being over three-fourths 
of a mile. 
The Coal Measures of this county include several thick, 
though local, deposits of sandstone of which the Red Rock 
deposit previously described is the most remarkable. In some 
places the cementation process has consolidated them into 
firm, resisting rock; in others, the cementing material has 
been insufficient, so that the stone readily crumbles into loose 
sand. Near each of the three ridges, sandstone ledges of 
loosely cemented sand have been cut through by streams when 
just about at their base level. In each case the sandstone is 
now seen outcropping on either side of the valley immediately 
above the level of the flood plain. Furthermore, in each 
instance, the valley has attained a considerable width, showing 
that a large amount of sandstone has been removed by erosion. 
It is thus evident that the sandstone has been worn away by 
streams meandering through their valleys from bluff to bluff. 
The streams had about the same slope and velocity as at the 
present time, and so were not able to transport the sand result-
ing from the disintegration of the strata. It was deposited 
on the flood plain near the place from which it was obtained. 
The next step in the process of formation of the ridges 
occurred when the sand was taken up by the wind and blown 
to the uplands, where it was spread out as a mantle over the 
loess. A casual observer could scarcely fail to see that the 
sand has been brought to these places from the valleys alJ.d 
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that the wind has been the motive force. That this action 
took place very re_cen tly, geologically, is evidenced by the fact 
that, though the surface may be very level, the thickness of 
the sand will vary greatly, showing that there was consider-
able erosion between the time of the deposition of the loess 
and that of the sand. It is apparent that this action is not 
in progress at the present time) since there is no sand connec-
tion between the flood plains of the streams and the sand 
ridgfls. Yet conditions may again become such that sand will 
be blown from the flood plains upon the uplands. 
The three ridges of Marion county resemble each other in 
their location, all of them being northeast of the place where 
the sandstone ledges have been cut through. This is to be 
accounted fur in the prevalence of southwest winds during 
the summer, the season when the sand is blown. Where it is 
not held firmly by vegetation the sand is being slowly, though 
gradually, move9, toward the northeast. Were it not for the 
frozen condition of the ground in the winter the strong north-
west winds then common might cause a shifting of the sand 
toward the southeast. 
Since only the finest materials are taken up by the wind 
and carried in this way the sand is usually too fine to be of 
any use, particularly as it is seldom pure, but is mixed with con-
siderable loess. The color is a dull gray, instead of white or 
buff, as is that of the sandstone. In one place, however, an 
excavation by the roadside revealed a thickness of several 
feet of almost pure sand and from tllis place the material had 
been removed for plastering purposes. 
The character of these sand ridges can perhaps be made 
clearer by selecting a single one for description. The largest 
one lies in the extreme northeastern corner of the county, just 
north of the Skunk river. The sand covering this area is of 
unequal depth, ranging from three to eighteen feet. The area 
is very irregular in outline on account of the streams heading 
in this divide having cut through it in many places. 
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The water supply is interesting and somewhat unusual. 
Although the difference in elevation of any two points on the 
divide is not more than ten feet, yet a spring is found in the 
head of a ravine just at the divide which never fails entirely, 
even in droughts. In other places, also, a good supply of 
water is reached at a depth of ten to sixteen feet or just at 
the base of the sand. These wells can be used only for a 
short time on account of the sand gradually filling them up, 
even when cased. The sand is evidently a very good water 
bearing stratum, but the supply from this source is limited in 
amount and varies from season to season; nevertheless, it is 
greater and less variable than one might expect. 
The roads in this area are very poor since the sand is read-
ily ground up by vehicles into a loose mass, at times six to 
eight inches in depth. It is sometimes almost impossible to 
haul heavy loads over these roads. 
On account of the large amount of loess mixp.d with the 
sand, the soils of this ridge support some kinds of vegetation 
nearly as well as those of the surrounding country. The 
entire ridge is under cultivation. Those plants which thrive 
in sandy soils, such as watermelons and potatoes, grow lux-
uriantly here, while other crops, such as cora, do poorly. In 
some places there is so much sand that the p-orn will scarcely 
mature. 
ECONOMIC PRODUCTS. 
Coal. 
Mr. Park C. Wilson, who was state mine inspector from 
1880 to 1~86, speaks of Marion county coal as follows:* "In 
regard to Marion county as a coal county I will say that while 
visiting the different coal counties in the state for almost four 
years in the capacity of mine inspector, I have made a careful 
study, so far as possible, of their deposits to determine their 
extent and I am now firmly of the opinion that Marion county 
has the largest deposits of coal of any county in the state. 
"Marion County Coal Company, its Property and Prospects, 1889. 
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"In my opinion the greatest difference there is in Iowa 
coal is in the hardness of the coal, as the soft~r it is the more 
it is damaged by being handled, and in a practical point of 
view I consider that the most important question in regard to 
the condition of the Iowa coal in differe~t localities, and one 
which can be readily answered by those who are shipping. 
The harder the coal, the better condition it is in when deliv-
ered to the consumer, and: the better price it will bring in the 
market, and the h~rdness of the coal does not add to the cost 
of production, but on the contrary, lessens the cost of mIlling, 
does not require the care in handling, stands exposure better, 
and is better for steam purposes than softer coal, and, in the 
above particulars, Marion county stands second to none in the 
state." 
As previously described, the Coal Measures extend over 
nearly the entire county, only small areas in the eastern part 
having the Lower Carboniferous as the surface rocks, immedi-
ately underlying the Pleistocene deposits. The Coal Meas-
ures contain numerous beds of coal so that it may be said that 
almost the entire county is underlain by coal. 
Notwithstanding these abundant deposits mining has not 
been carried on nearly so extensively as in some of the adjoin-
ing counties, particularly Mahaska. The reason for this non-
development of the mining industry in this region has been 
neither the character of the coal nor the thickness of the 
seams, but the lack of railway facilities for the transportation 
of the product. Mahaska county, while "not possessing any 
better coal or thicker beds has had the advantage in a larger 
number of railroads. Without the latter it is imp~ssible for 
large mines to be operated. For many years the chief fuel 
of this region has been coal, practically all of which, with the 
exception of small quantities of anthracite, has been mined 
at home. Marion county is not very well supplied with rail-
roads and they are not located where they will best serve the 
coalinterests. The three which do cross it are located in the 
.northern and eastern parts. These roads, howeveI', have been 
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very serviceable and several extensive mines have been opened 
near them from which considerable coal has been shipped. 
But in other parts of the county only country mines have been 
opened. Recent drillings seem to indicate the presence of 
nU,merous workable beds in the southern and southwestern 
portion of this area which rival if not surpass those already 
being worked. 
The Coal Measures dip toward the southwest, gradually 
increasing in thickness from the surface contact with the 
Saint Louis in the northeastern corner to a thickness of at 
least three hundred feet in the southwest. N ear Newbern drill 
holes slightly over three hundred feet in depth have failed to 
reach the Saint Louis limestone. 
Owing to their very local character it is impossible to say 
how many beds of coal there are within the county. Instead 
of the coal underlying the entire region in continuous beds, it 
is found in lenticular masses which seldom extend more than 
a few miles in their greatest diameter. As these masses are 
traced outward from the center the coal is found to gradually 
decrease in thickness and :finally to pass by numerous grada-
tions into bituminous shale or, occasionally, even into arena-
ceous or argHlaceous shale. Numerous attempts have been 
made to trace coal beds from one region to another, perhaps 
many miles distant, and to correlate different seams but on 
account of the rapid changes in the strata of the Coal Measures 
such attempts have always been unsatisfactory. No great 
degree of accuracy is possible so that the results of such work 
are of little or no value. 
So common is the presence of coal that where Coal Measure 
strata are present a drilling seventy-five or one hundred feet 
rarely fails to penetrate at least one coal b~d, and frequently 
several. Four different seams have been passed through in a 
single drilling. Many of the veins are so thin that it has not 
been deemed expedient to work them at the present time, but 
not a few seams ranging in thickness from three to thirteen 
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feet have been located. Of these latter, some are now being 
operated but others have never been opened. 
From the local nature of the various beds it is always advis-
able to drill a number of prospect holes before sinking a shaft, 
since the deposits may be too limited in extent to repay any 
great expenditure of money. Again, it must not be consid-
ered positive proof that coal is absent underneath a certain 
tract of land if a single drill record fails to record its presence. 
Another hole drilled only a few hundred yards away may dis-
close a good layer of workable coal. 
Since the Coal Measures form the surface rocks of the 
county, disregarding the Pleistocene deposits, all of the mines 
are comparatively shallow. Indeed, most of them are 
worked from slopes extending in from outcrops along the 
sides of the hills or bluffs of the creeks. The deepest shaft 
thus far opened is somewhat less than 200 feet in depth. Coal 
is in some places found at a greater depth, so that when the 
supply lying near the surface is exhausted a profitable supply 
can be reached by going deeper. 
The coal of the county is all bituminous but varies consid-
erably in hardness, ranging from a very soft to . a medium 
hard variety. As a general rule it is quite pure, although 
small quantities of iron pyrites, called sulphur balls by the 
miners, are not infrequent.. Occasionally the mining of a 
thick bed of coal is interfered with by the presence of clay 
ironstone nodules or bowlders which are sometimes four or 
five feet in diameter. In a mine near Flagler, there is a layer 
of this stone occurring within the coal bed. A few mines 
have been abandoned because of the large amount of this 
stone encountered. Faults and rolls are seldom met with in 
the region. When they are present the faults have so small 
vertical displacement that the coal is seldom entirely cut off. 
Their presence is indicated by the fractured condition of the 
coal and the smooth, glazed surfaces known as slickensides. 
The presence of rolls, while more important than faults, may 
be said to cause very little interference in mining. In a few 
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exceptional cases a four or five foot vein of coal has been so 
narrowed by a roll as to be only one or two feet in thickness. 
The coal of this county is underlain in almost every case 
by beds of fire clay varying in thickness from a few inches to 
fifteen feet. This fire clay is filled with the roots of coal 
plants, especially those of lepidodendrids and sigillarids. 
Though very little use has been made of this clay, it seems 
to possess the qualities which would make it of value in the 
manufacture of fire brick. In some places when the coal is 
-removed the fire clay heaves, that is it rises in the entries on 
account of the removal of the overlying pressure, until it '" 
becomes necessary to remove it to prevent the passage way 
from being closed. The heaving, however, has seldom been 
sufficient to seriously interfere with the development of the 
mine. 
In the great majority of mines the roof material is a black 
bituminous r:,hale, or "slate" of the miners. On account of 
the very small number of faults throughout . this region the 
shale forms a very substantial roof. But occasionally numer-
ous faults, all of them slight in amount of thrust, will be 
found in a mine, so that the roof will be composed of much 
broken shale forming a very dangerous roof. In other mines 
the shale immediately over the vein frequently falls soon 
after the removal of the coal. This is known as the draw 
slate. Above this, firmer slate forming a very safe roof is 
found. In several mines sandstone occurs in immediate 
contact with the coal. In such cases, on account of the 
excellent quality of this rock as a roofing material, it is not 
necessary to use any timber. In a few instances an impure 
limestone overlies the coal and forms a stable roof. 
The coal mines of the county may be divided into two 
classes with respect to their owners, namely, those owned 
and operated by corporate coal companies and those con-
trolled by individuals, usually the owners of the land. There 
are several large coal companies operating in this district and 
others have exten:sive options on coal leases. In fact, almost 
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every piece of land is at present or has been in the past 
optioned or leased by coal companies. The method of pro-
cedure is to secure an option upon a certain tract for a stated 
length of time with the privilege of buying the coal if desired 
at any period within the specified limit. For such an option 
a small sum of money is paid. The option entitles the com-
pany to drill prospect holes at any place on the property. In 
this way considerable areas have been prospected and large 
bodies of coal have been located, which, but for this method 
might have long remained unknown. 
The mines operated by companies are worked principally 
by shafts. They are located along the lines of railroad and 
the entire output is shipped . The mines operated by individ-
uals are usually worked by 810pes which extend into the hills 
only 8hort distances. These latter, called country mines, are 
generally operated only during the winter and certain periods 
in the summer when there is little work to be done on the 
farm. Many ar:e worked just enough to secure fuel for one or 
two families; others are worked enough to supply the neigh-
borhood and the small towns near by. 
A few mines located several miles from the railroads ship 
some coal, hauling it by wagon to the shipping point. This is 
not very profitable on account of the large supply located 
nearer these points and the low price of the output. Thus, 
because of the insufficiency of railroad lines, the coal 
resources of the county have not been properly developed. 
At various times there have been projects for building a 
line across the southern part of the county but as yet the work 
has progressed no further than to make the survey. Such a 
line of railroad would cause a great impetus to the mining 
industry of the county sufficient to place it in the foremost 
ranks of the coal producers. 
For convenience the coal deposits may be divided into three 
districts: (1) the district north of the Des Moines river; (2) 
the district between t he Des Moines river and English creek; 
and (3) the district south and east of English creek. 
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DISTRICT NURTH OF DES MOINES RIVER. 
In the first district coal is mined at several localities, the 
most important being near the towns of Pella, Otley, Dunreath, 
and Morgan Valley. 
Pella Mines.- -Near Pella a number of mines have been 
-opened at various times, several of which are now in operation 
:and supply the town with fuel. The coal is here found near 
the base of the Coal Measur~s, only a short distance above 
the Saint Louis limestone. The largest of these is the Bu-
walda mine, located in 'rp. 77 N., R. XVIII W., Se. t of Ne. t 
of Sec. 32, on the divide between the Des Moines and Skunk 
Tivers. The shaft is 115 feet in depth and the coal varies in 
thickness from four feet six inches to four feet nine inches. 
In sinking the shaft about eighty feet of sandstone was passed 
through, most of which was massive, with thin beds of shale 
intercalated in some portions. From the foot of the shaft the 
coal rises in every direction at the rate of about one foot in 
every twenty. The roof near the shaft is formed of a very 
hard sandstone, but only a short distance away the sandstone 
Toof is replaced by shale, which gradually increases in thick-
ness until about fifteen feet of shale separates the coal and 
sandstone. From four to fifteen men are employed here. It 
is estimated that this bed of coal is something more than 200 
acres in extent, about twenty-five acres of which have already 
been worked out. The product is a good grade of bituminous 
coal. The upper two inches of the bed is called cannel, and 
has many resemblances to true cannel coal. 
Otley Mines.-There are several mines now in operation in 
Summit township, the most important of which are located in 
Secs. 21, 27, and 28, Tp. 77 N., R. XIX W. The largest is the 
-one owned by the Otley Coal company and operated by them 
until the shaft was destroyed by fire in December, 1898. 'They 
-contemplate soon rebuilding, as they own the coal underlying 
a considerable area in that region. The old shaft, located in 
theNw. t of Nw. t of Sec. 27, was 112 feet in depth. The coal 
-varies in thickness from five to six feet. It was worked by 
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the room and pillar method, the rooms being driven 150 feet, 
with a width of twenty-five to thirty-five feet and pillars five 
feet in thickness. In sinking the shaft a seam of coal about 
eighteen inches was passed through at a depth of thirty feet. 
About forty men were employed in the mine. A switch con-
nected it with the Rock Island ra,ilroad at Otley and the entire 
output was shipped. The mine was dry and possessed a gray 
shale roof. 
The Roberts and McCloskey mines in Sec. 28, and the 
Vriezelaar and Smith mines in Sec. 2] are very similar to the 
one just described. They are ~ll slope mines and employ 
from four to twenty men each. The coal from them supplies. 
all the local trade, while some is hauled to Otley and shipped. 
Durl1'eath j l{ines. -The most extensive mining operations of 
any in the county have been carried on near Dunreath, but at 
the present time almost no coal is being mined at that place. 
In the absence of a topographic sheet it is impossible to give 
the elevation 0" the different coal beds with any degree of 
accuracy or to correlate deposits several miles apart. As. 
nearly as can be determined it seems that there are four beds. 
of coal represented in this region. At no one place, however, 
are all four present. The upper one has a thickness of about 
two and one-half feet and lies about forty-five feet above the-
level of water in the river. This was not worked except just. 
at the outcrop in the sides of the hill south of Dunreath. 
Fifteen feet lower is the seam that was extensively worked .. 
This bed is correlated with the one that has previously been. 
mentioned as occupying a depression in the Red Rock sand-
stone in the quarry near Red Rock. The Black Diamond and 
the Success were the principal mines operating in this bed. 
The first was located in Tp. 77 N., R. XX W., Nw. i of Sw. i 
of Sec. 26. The coal was from four to seven feet thick, with an 
average of about five and one-half feet. A large number of 
men were employed, and altogether the coal was removed 
from about seventy acres. The Success mine was located in. 
Tp. 77 N., R. XX W., Sw. i of Nw. i of Sec. 27. The coal 
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here averaged four and one-half feet in thickness and some 
forty acres were worked out. About twenty feet below the 
seam just described is another layer twenty inches in thick-
ness, and a short distance below this is a fourth which is 
sometimes seen in the bed of the river in dry seasons. 
The Dunreath coal supply has certainly not been exhausted 
and we may expect that at some future time paying mines 
may again be located in this region, although probably at a 
greater distance from the town. The quality of the coal and 
the character of the roof material were both said to be good. 
Korqan Valley jJ1ines.- In this area, in the northwest corner 
of the county, several mines have been worked at different times, 
but altogether only a small amount of coal has been removed. 
At the present time one mine, located in rrp. 77 N., R. XXI W.o 
Sw. i of Nw. i of Sec. 4, is being worked. The company oper-
ating it either owns or has options on several hundred acres 
of coal land at this locality. The mine is worked by means 
of a shaft forty-five feet deep. The coal averages four feet 
in thickness and contains little rock. No props are' needed in 
the mine as there is a good sandstone roof. In sinking the 
shaft sandstone was passed through below the first five feet 
of soil and drift. The water necessitated considerable pump-
ing. A switch of the Wabash railroad runs to this mine and 
all t he coal is shipped. 
DISTRICT BETWEEN DES MOINES RIVER AND ENGLISH CREEK. 
Swan. - A large company mine was formerly operated at 
Swan but on account of the great amount of water it was 
abandoned in 1898. It was located in Tp. 77 N., R. XXI 
W., Nw. i of Se. i of Sec'. 18. Much coal was removed from 
this place and yet thc supply is far from being exhausted. 
The seam worked seems t() be about thirty-five feet lower than 
the Morgan Valley coal. It is from three and one-half to five 
and one-half feet thick. The sandstone met with in the latter 
place is not present here and the roof is bituminous shale. 
The coal is considerably harder than that at Morgan Valley. 
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Coal Creek Mines.-Several small country mines are located 
III Pleasant Grove township, on Coal Creek, in Sees. 17, 20, 
and 21, Tp. 76 N., R. XXI W. All of them are shallow and 
worked either by slopes or short shafts. The seam is seldom 
more than three feet thick. The following section is taken 
from this locality, Tp. 76 N., R. XXI W., Nw. t of Ne. t of 
Sec. 20. The upper part is exposed on the west bank of Coal 
creek. 
FEET. INCHES. 
9. Surface wash...................................... 5 
8. Coal...... .... ... ... ..................... ....... .. 6 
7. Fire clay . ................. . ......... ... . .......... , 2 
6. Shale, light colored, argillaceous...... . . . . . . . . . . .. 2 6 
5. Shale, drab, arenaceous..... . . .. . . . . .... . . . . . . ..... 5 6 
4. Sandstone, gray, thinly laminated usually, although 
in a few places massive ........................ , 3 
3. Shale, gray, arenaceous .......... , . . . .... . . . . . .. ... 3 
2. Shale, black, exposed to water's edge 13 feet, but 
altogether ... . . ..... ...... .. ......... , ... ... . . .. 30 
1. Coal ... .. ... ........ , .............. ,............... 2 Ii 
It i:::; the lowest member which is mined. At some points 
it is thicker than at this locality. 
White B1'east Creek Mines.-Along White Breast creek many ' 
small mines have been opened, but none have been worked 
extensively, nor have they shipped any coal. They are most ' 
numerous in Secs. 24,26, and 35 of Tp. 75 N., R. XXI W., and" 
in Secs. 19 and 30 of Tp. 75 N., R. XX W: The following sec-
tion, seen at the Ritchie mine, Tp, 75 N., R. XXI W., Se. t of 
N e. t of Sec. 26, is typical. 
FEET. INCHES. 
10. Drift and loess ................................. 5 to 15 
9. Sandstone, very hard. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
8. Slate, gray ................. . ............. . . " .... " 8 
7. Sandstone, yellow, soft..... . . . . . . . . . . . . . . . . . . . . . .. 11 
6. Coal. ........................... .. ................ 2 2 
5, Fire clay.... .. .... .. .... .... .. .... .. .. .... . . ...... 6 
4. Slate, gray ...... , ... , .. ............ . . .... .. .. ...... 10 
3. Coal, just at level of creek .. . .. ... .............. . 3 9 
2. Fire clay and black slate ... .............. .. . . . ..... 60 
1. Coal . ........... ....... . ..... ... ............. , . .4 to 6 
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1'he second bed of coal is the one usually worked in this 
region, although some has been taken from the outcrop of the 
first. The coal varies somewhat in quality in the different 
mines but in general is quite soft. 
OoalJport.-Near this town the first mines in the county 
were opened. When boats passed up the Des Moines river in 
the early history of the state, Coalport was one of the most 
important places between Eddyville and Des Moines. At this 
place they usually took coal which was mined near by. Only 
a few old buildings now mark the site of this once prosperous 
village. Its location was Tp. 76 N., R. XIX W., Ne. t of Sw. 
1- of Sec. 14. When navigation on the De<; Moines river 
ceased most of the mines that had formerly been worked with 
profit were abandoned. The following section is shown at 
one of the mines, now operatQd on a small scale, located in 
Tp. 76 N., R. XIX W., Sw. t of Ne. t of Sec. 23: 
FEET. 
6. Drift ......... . .... . .......... . . .. .. . ... . .......... . ..... 30 
5. Coal........... . .. . .... .. . ........ . . . ..... . ............ 6 
4. Fire clay . ......... . ... ........ .. .... . ..... . ..... . ..... . 10 
3. Shale, light colored . ..... . ... . ..................... . .. .. . 10 
2. Coal. . . . ....... . . ... . ..... .. .. ... . . .. . . .. ................ 3 
1. Fire clay. to bed of river .... , . . . . . . . ... . . . . .. . . .. . .. . . .... 5 
All of the mines in the vicinity were worked by slopes. 
The roof is good, so that little timber was needed. The coal is 
a very soft variety. 
Ifnoxville.-Since the entIre region about Knoxville is 
underlain with coal it might be expected that here numerous 
mines would be operated. Within a radius of one mile from 
the courthouse probably a dozen mines have been operated 
but all are now abandoned. They were all shallow mines and 
the seam was thin. 
Flaqlm'. -At this place the Whitebreast Fuel Company have 
carried on very extensive mining operations for a number of 
years. Several shafts have been sunk and about 100 acres 
have already been worked out. The Hawkeye mine, located 
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west of Flagler in Tp. 75 N., R. XIX W., Se.1 of Se. 1 of Sec. 
4, is the largest one now in operation. It is worked by means 
of a shaft fifty feet in depth. The coal varies in thickness 
from three to five feet, being quite irregular. There are also 
a few rolls which almost entirely cut out the coal for short 
distances. The mine has a good slate roof separated from the 
coal by two feet of draw slate. About thirty-five men are 
employed here in summer and seventy-five in winter. A short 
switch connects the mine with the Burlington railroad, over 
which the entire output is shipped. The coal in the imme-
diate vicinity of Iflagler is similar to that above, except that 
it averages about five feet in thickness. The drill section of 
the Flagler artesian well, given on a later page, shows the 
underlying formations. Although the drilling was distant 
only a few rods from the mines no coal bed was penetrated. 
DlSTRICT SOUTHEAST OF ENGLISH CREEK 
It seems probable that in a few years Liberty township will 
be producing more coal than any other in the county. In the 
vicinity of Bussey, Hamilton, and Marysville are severat 
mines which have been worked for years, while several large 
ones are now being opened. 
O. K. Ooal Oompany's Mines.-This company has operated 
several mines west of Bussey, two of which are of special 
importance. It owns considerable land in this locality, and ' 
also the coal underlying large tracts owned by individuals. 
It has mined altogether about seventy acres. 
The oldest mine now in operation is situated in Tp. 74 N., 
R. XVIII W., Nw 1 of Nw. 10f Sec. 23. This is worked by 
a shaft sixty feet in depth, and the coal runs from four to five 
feet in thickness. It is overlain by about fifty feet of slate 
which forms an excellent roof. About seventv feet below 
this seam is another about three feet in thickness, which is 
however quite impure. 
employed in this mine. 
road by a switch. 
On an average about 125 men are 
It is connected with the Burlington 
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The other mine of the O. K. Coal Company has just 
recently been opened, and it bids fair to become the largest 
and most important in the county. The company owns the 
coal under about 600 acres. The shaft, forty-five feet in 
depth, is located in Tp. 74 N., R. XVIIl W., Nw. t of Ne. t 
of Sec. 17. In prospecting over this area the maximum 
thickness of the coal was found to be thirteen feet, the mini-
mum five feet, and the average about eight and one-half feet. 
There is a good slate roof about eleven feet in thicknes8. 
The coal is medium hard and very glossy. There is little 
water to interfere with the work. From the foot of the shaft 
the coal rises slightly toward the northwest and dips toward 
the southeast. A switch will connect this mine with the 
Burlington railroad. 
Hamilton Mines.-Several mines are located in the vicinity 
of Hamilton, the most important of which is that owned 
and operated by the York Coal Company, and located along 
the Wabash railroad, about half a mile north of town, in Tp. 
74 N., R. XVIII W., Se. t of Sw. t of Sec. 26. It has only 
recently been opened. The shaft is 164 feet deep, and the 
coal is from three to six feet in thickness. The roof is in 
some places sandstone, in others slate. N ear the foot of the 
shaft are a number of rolls and bowlders which entirely shut 
off the coal for a considerable distance. In one direction the 
coal was found after passing throngh a roll for a distance of 
thirty-three feet, while in another direction a roll was encoun-
t ered seventy-two feet in length. Drill records indicate that 
the rolls are less frequent a few hundred feet away from the 
shaft. If this proves to be true the mine can be worked 
with profit, but otherwise not. 
Ma1'ysville Mines.-The Marysville mines are all country 
mines, located along Cedar creek. There seems to be an 
abundance of good workable coal in this vicinity, and no 
doubt in the near future large mines will be opened. The 
States coal mine, located in Tp. 74 N., R. XVIII W., Sw. t of 
Sw t of Sec. 30, is perhaps the most import,ant, but it is not 
15 
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being operated at present. It was a slope mine, with the 
entrance about fifteen feet above the level of the creek. The 
coal dips slightly toward the west, and the seam ranges in 
thickness from seven to eight feet, with an average of about 
seven and one-half feet. The coal is very glossy in appear-
ance and of excellent quality. The roof consists of "soap-
stone," which is so firm that no propping is needed in any of 
the entries. This bed of coal does not seem to be merely a 
local deposit, but apparently extends for several miles. 
As already stated, no attempt is made to correlate the 
various coal seams situated in different parts of the county, 
as it is impossible ·to trace any deposit for any considerable 
distance, yet something may be said in a general way con-
cerning the deposits. It seems certain that tile Dunreath 
coal is older than that now being mined south of the Des 
Moines river, and that those deposits, or other deposits of 
the same age, have been carr·ied to considerable depth in 
the southern part of the county by the dip of the strata in 
that direction. It is not meant that the coal beds north of 
the river are continuous, for this is known not to be the case,/ 
but merely that there are beds of the same age in the south-
ern part of the county. If this supposition be true, the coal 
supply of Marion county is vastly greater than is usually 
supposed, and when the upper beds are exhausted in the 
southern half of the county there will yet remain a large sup-
ply of good coal at a depth probably not exceeding 400 feet. 
Half a dozen accurate deep well records in this region would 
be sufficient to prove or disprove this supposition, but unfor-
tunately these are altogether lacking. 
Building Stone. 
The building stones belong to the Saint Louis and Des 
Moines formations and consist of sandstones and limestones. 
At the present time no extensive quarrying is carried on at 
any place in this district. Little stone is being shipped out of 
the county and, on the other hand, but little is being shipped 
• 
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in. Few stone buildings have been constructed within the 
past few years, and thus almost all the material 'quarried is 
used for foundation purposes. 
Saint Louis Lim68tone.-As has been said before. the Saint 
Louis consists principally of limest0ne and is found outcrop-
ping along the streams in the eastern portion of the county. 
Stone both of the Pella and Verdi beds has been quarried, 
the former, however, much more extensively. This is due both 
to its superiority and to its greater extent. At every outcrop 
of the Pella beds, with few exceptions, stone has been or is 
at present quarried. 
The la.rgest quarry in this rock is located on Oedar creek, 
southwest of Tracey, in Tp. 75 N., R XVIII W., N. t of Se. 
1 of Sec. 35. The section exposed at this point has been given 
in the discussion of the Saint Louis formation. This quarry is 
only a short distance from the Burlington railroad, with which 
it has been connected by a shori switch. It extends for about 
half a mile along the bank of the creek. Although hundreds 
of carloads of stone have been removed and shipped to all 
parts of the state, the quarry has been worked only a short 
distance back into the hill. It has been operated about eigh-
teen years, and at times there have been as many as forty men 
employed, although at the present time there are, on an aver-
age, not more than six. A stone crusher was used here for a 
short period and in this way the thin bedded and fragmeutary 
rocks, w~ich are usually wasted, were utilized. The princi-
pal beds in this quarry are the 16, ] 7, and 19 inch ledges. From 
the latter, blocks measuring three feet three inch~s by five 
feet can be easily obtained, and occasionally even larger pieces 
are removed. The bed suitable for :£lagging stone is better 
developed in this quarry than in any other in this area and its 
quarrying would be profitable if there were more of it. It is 
of uniform thickness and can be removed in la.rge blocks suit-
able for side walks. 
Another quarry, formerly worked quite extensively but 
now abandoned, is located north of Durham near the Rock 
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Island railroad, in Tp. 75 N., R. XVIII W., Sw. i of Sec. 4. 
Considerabie stone has been shipped from here. The indi-
vidual ledges differ very little from those in the above men-
tioned quarry. It was operated by J. H. Rees of Harvey, who 
has just recently opened another in the Pella beds in Tp. 75 
N., R. XIX W., Sw. i of Sw. i of Sec. 1. The latter is situ-
ated between the Rock Island and Burlington railroads, with 
the former of which it will be connected by a stub switch. 
The section here is as follows: 
FEET. INCHES. 
Soil and loess. . . . . . . . . . . . .. ...... .... . . . . . . . . .. 3 
Limestone, thinly bedded ........................ 6 
Limestone ledge............ .. ...... .. .......... 8 
Limestone ledge..... .. .. . ... . . ....... . . .... . .... 8 
Limestone ledge, coarso grained, dark in colo\', 
weathering white, principal layer of quarry.. .. 20 
Limestone, variable thickness.... ................ 6-20 
Limestone ledge. .. ...... ... . . . . . . .. . ........ .. 8 
Limestone ledge . ... ............ .... . ....... .. .... 6 
Limestone ledge.. ..................... .... .. ... 6 
Arenaceous limestone, soft, of little value.......... 14 
Limestone, very hard. breaks irregularly. . . . . . . . .. 3 
Although this quarry has just been opened, considerable 
stone has been shipped from it to Oskaloosa and Washington 
and has found a ready market. The joints are from two and 
one-half to ten feet apart, thus making it possible to remove 
large blocks. 
Nearly all the stone used in Pella is obtained from two 
limestone quarries located about one and one-half miles south-
west of the town on the Pella-Knoxville road. The stone 
differs very little from that given in the above section except 
that a marl bed, varying in thickness from four to eight feet, 
overlies the limestone. 
Another quarry deserving mention among those of special 
importance is that belonging to J. R. Morris, located in Tp. 75 
N., R. XVIII W., Ne. i of Se. i of Sec. 13. The section here 
is as follows: 
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FEET. INCHES. 
Limestone, thinly bedded, greatly fractured....... 5 
Limestone ledge, of no value on account of its ina-
bility to withstand frost . . . . . . . . . . . . . . . . . . . . . . . . II 
Limestone ledge, similar to above. . .. ..... ....... . (} 
Limestone ledge, fairly good stone. . . . . . . . . . . •.. . . . 10 
Limestone ledge, fairly good stone. . . . . . . . . . . . . . . . . 8 
Limestone ledge, granular in texture, joints 4 to 10 
feet apart, principal stone of quarry ... . .... . . , 18-20 
Limestone ledge .......... .. ... . . . .. . . ... ...... . . . 4 
J .. imestone ledge, very hard, seldom worked. . .... . 10 
Shale, black.... . ....................... . . ..... .... 1-2 
Shale, gray, soft .. . . .. . ... .... ...... ... .. . ...... .. 12 
Limestone, thinly bedded, crystalline . ... . . .. . . .. . . 12 
The stone from this locality is all consumed by local trade, 
the annual output being about 100 perch. 
The limestone of the Pella beds, as may be seen from the 
sections just given, varies little in the different quarries, so 
that it is possible to describe it in a general way. The rock is 
homogeneous in structure and usually fine grained; cavities 
are not common, only one layer containing many. In this 
layer they are merely the openings between the valves of 
brachiopods, and these are frequently almost entirely filled 
with calcite crystals. 
As is shown from the sections· already given, the layers are 
of convenient thickness for building purposes, and also for 
flagging. With the exception of the upper beds, the joint 
planes are not so numerous as to prevent the securing of 
blocks large enough for all ordinary purposes. The joints· 
run true, so that the stone can be readily removed in blocks 
of convenient size; it also breaks evenly, so that the waste 
in dressing is very small. The rock is quarried both by drill~ 
ing and blasting, no sawing machines being employed. 
Formerly some of the stone was crushed for street paving 
and for ballast. / 
The Saint Louis limestone, while far better than that of 
the Coal Measures, is not of superior quality. The layers 
vary greatly in durability, some being little affected by frost , 
/ 
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while others disintegrate in a few years when subjected to 
alternate thawing and freezing. Some foundations built of 
this ~tone present a fresh, almost unweathered appearance 
after fifteen to twenty years exposure to the weather, while 
in other cases the rock began to crumble in a very short 
time. In general, it does not resist frost well, due no doubt 
to the large amount of water which it is able to absorb. The 
stone is of good color, becoming very white when exposed to 
the air. 
The following tests and analyses were performed upon 
specimens secured from the large quarry on Ceda.r creek, 
near Tracy. The tables are taken from an article by H. F. 
Bain, in one of the earlier reports of the Survey:* 
STON~:. 
No. 31, Saint Louis limestone/' 
No . 32. ~aint Louis limestone 
CRUSHING TEST. 
H~;I GHT­
INCH~.S 
1.95 
2.00 
C IWSS SECTIOl'(-
SQUAitE INCHES. 
4.12 
4.20 
ABSORPTION TEST. 
Bl~EAKING STHEBS-
POUNDS PEl( 
SQUAHE INCH. 
Spalling I Failure. 
I 
7300 I ~500 
5200 9900 
PER CENT. 0",,' INCREASE. 
24 Huurs Week Total. 
No.31, Saint Louis limestonel 99. 3.27 
CHEMICAL COMPOSITION. 
CaCoB ••• •• ••••• ••• ••• •• •••••••• • •••••• ••• ••••••• •• 94.60 
MgO ....... . ........ . ............ ....... .... .. . .. 3.1 7 
AIoU, ...................... . . . ........ .. ... . .......... .49 
FeO+Fe,O, ... ... .. . . ... .... .......... ... . ....... ... .. .17 
Ins .......... .......... .. .... .. ................. ... . . 1.57 
Although the Saint Louis limestone in this county is not 
being quarried as extensively as formerly, there is a good 
demand for it, and a considerable quantity is being shipped to 
*Properties and Tests of Iowa Building Stone, vol. VlII, pp. 402, 410, 412. 
COAL MEASURES. 187 
adjoining counties. The chief drawback to the extensive 
quarrying of this stone is the thickness of the overlying drift. 
The outcrops are confined to the valleys and ravines, and as 
the beds are followed back into the hills the drift becomes 
thicker, until the stripping is necessarily so great as to make 
quarrying impracticable. On this account it will be impossi-
ble for such extensive quarries to be worked in this county 
as in other parts of the state. 
Goal Measures.-In the Coal Measures, limestone, conglom-
erates, and sandstones have all been quarried for building 
purposes. The first two scarcely deserve mention, as they 
occur only in limited areas and are inferior in quality. If it 
were not for the scarcity of good building stone over a large 
portion of the county,' the Coal Measure limestone would per-
baps nowhere be quarried. It is heterogeneous in compo-
sition, breaks irregularly, produces a rough surface when 
weathered, and can scarcely be dressed without great waste. 
It is used for foundation purposes and for walling wells. 
The sandstones of the Coal Measures bave been very exten-
sively quarried throughout the county, notably at Red Rock. 
At this place the largest quarry in the county, and one of the 
largest in the state, is located. At present, however, it is not 
in operation. At many other places there are small sand-
stone quarries which supply a limited local trade. 
Tbe Red Rock sandstone was formerly shipped to many 
places in and out of the state, especially to Des Moines and 
St. Louis. The rock, wbile comparatively soft, does not 
crumble and is very resistent to weathering agencies. It was 
formerly blasted in quarrying, but this shattered it so badly 
as to render some of tbe material almost unfit for use and 
more recently it bas been taken out by channeling. No joint 
planes are presen t in the rock, and since a vertical face of 
nearly ninety feet is exposed, it is possible to secure blocks 
of any size desired. Because of the difference in color of the 
various parts of the rock it is quite difficult to secure large 
blocks of a uniform color throughout. Thus to work the 
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quarry with profit it becomes necessary to remove large 
quantities of material which must be assorted, especially if it 
be used for the construction of entire buildings. When this 
is done there must necessarily be considerable waste on 
account of the coloring matter being distributed in irregular 
blotches rather than in layers. Mottled stone has been used 
to some extent but is not always desirable. Notwithstanding 
these difficulties, by judicious selection rock of uniform color 
varying from light gray to a deep brick red may be secured, 
suitable for the ('onstruction of the finest buildings. This 
stone possesses another desirable quality in that it can be 
readily carved, thus making it suitable for decorative pur-
poses. 
The sandstone is very durable; since the cementing mate-
rial is silicious and ferruginous, it is not easily dissolved and 
water has little effect upon it. Again, being fine grained and 
the grains well assorted, it is not effected to any great degree 
by changes in temperature. Although the concretions and 
pockets of loose sand, previously mentioned, are obstacles in 
the successful operation of the quarry, yet it seems that with 
proper management it might become one of the most exten-
sive and profitable quarries in the state. The amount of nec-
essary stripping is small, the quality of the stone is good, and 
the supply is practically inexhaustible. 
Lithographic Stone. 
Several years ago some specimf>ns of stone were obtained 
from the Coal Measures in the southeastern part of the county, 
which were pronounced by several lithographers to be true 
lithographic stone of very good quality. The one making 
the discovery did not attempt to develop a quarry nor to learn 
the extent of the deposit. Should the beds prove to be 
extensive, lithographic stone might become one of the most 
valuable economic products of the county. Numerous finds 
of this stone from various parts of this county have been 
reported from time to time, but at present almost all of ·this 
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material used in the United States is imported from Germany. 
Since the locality where these specimens were obtained is 
kept secret, the writer has been unable to investigate further, 
and consequently this unsatisfactory reference to the reported 
find is all that can be given at this time. 
Lime and Cement. 
A t present neither of these products is manufactured 
within the county, the supply being derived from outside 
sources. Formerly, however, lime was burned at various 
places, especially in the e8.stern part of the county, and in 
sufficient amounts to supply the local demand. This lime, 
while it was not of the best quality, proved to be quite 
durable and was used exclusively for many years. In it, 
manufacture limestone composed almos~ entirely of calcium 
carbonate was used. It was obtained from both the Coal 
Measures and the Saint Louis formation. 
In recent years there is a decided preference for the gray 
magnesian limes obtained from dolomite, and this has led to 
the abandonment of the old kilns. The magnesian limes 
while darker in color, seems to have a decided superiority 
over the calcareous lime in point of durability, hardness, 
and adhesiveness. Cheap transportation has also aided the 
former lime, which is produced in large quantities in other 
parts of the state, to gradually drive out the poorer material. 
No cement has yet been produced in this part of the state, 
but it seems not at all improbable that some of the Saint 
Louis marls may be found suitable for this purpose. 
Clays. 
Marion county, in common with most of the adjoining 
counties, is well supplied with clay. There are many deposits 
of good clay that have not yet been utilized, but which 
should in time give rise to important clay industries. The 
clays, of which there are several different kinds, suitable for 
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various purposes, have thus far been used in the manufacture 
of brick, tile, and pottery. 
Brick.-At the present time there are four brick plants in 
operation, viz: the Pella Brick and Tile Company, located in 
the eastern part of Pella; the Wright brickyard, a short dis-
tance north of Knoxville, Tp. 76 N., R. XX W., Se t of Sw t 
of Sec. 25; the King brickyard, southwest of Knoxville, Tp. 
75 N., R. XIX W., N. t of Nw. t of Sec. 17; and the Wright 
brick yard, north of Bussey, Tp. 74 N., R. XVIII W., Ne. t 
of Ne. t of Sec. 14. In early days small quantities of brick 
were burned in other places in the county, but only for the 
construction of a few buildings. 
The clays are obtained from the loess and the Coal Meas-
ure shales, the former being used most extensively. This 
is owing to the fact that it is found in large quantities; is 
easily obtained, since it is only necessary to remove the sod 
and a small quantity of loa,m;and, in addition, it makes a 
very good quality of common brick. There are three differ· 
ent kinds of loess clay: · the gray surface material, the yellow 
clay, and the blue chy. These are occasionally used sepa-
rately, but usually better results are obtained by using a 
mixture of the different varieties. The chief objection to 
the loess in the manufacture of brick is that there is fre-
quently considerable loss in the drying process, 'due to crack-
ing. To prevent this they must be dried slowly. Steam 
dryers have been found impracticable for this reason. 
At the King brickyard some Coal Measure shale is used, 
sometimes alone, sometimes mixed with loess. There is little 
waste in this klUd of clay in the dry-ing process, since it does 
not readily crack even when dried rapidly. These brick can 
also be burned much harder than those made from ,the loess. 
Sidewalk brick is produced at this place, but no attempt has 
been made to produce paving brick. Some brick taken out of 
the kiln next to the furnace where they had been subjected 
to greater heat seems to indicate that a very good quality of 
vitrified brick might be produced. 
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Tilinq.-Considerable drain tile is used within the county, 
most of it being produced locally. A large quantity is also 
shipped to neighboring points. The tiling is made in connec-
tion with the brick at the various brickyards. Loess is used 
-exclusively for its production and is well suited for the pur-
pose, because of its burning to vitrification at the relatively 
low temperature of 2100 to 2300 F. It is better adapted to 
tile than to brick, since it is possible to dry the former with-
-out cracking under conditions where it is impossible to make 
brick. If the clay is thoroughly worked there is very little 
waste from cracking in the drying process and almost none in 
the burning. The larger sizes of tiling, such as used for cul-
verts, are not made, · but only those smaller ones with an 
internal diameter of from three to eight inc.hes. 
Pottery.-Formerly pottery was made .at the King brick-
yard, at Coalport and at Attica. On account of the great 
-reduction in prices of pottery in recent years, its manufac-
ture has been abandoned at all three places. The potter's 
day appears to b'e of good quality for the production of the 
-common grades of pottery. It is found in the Coal Measures. 
It occurs in only a few localities, but where found it is fre-
quently ten or twelve feet in thickness. The principal 
deposits are near Attica, and here a number of small potteries 
were formerly located. For many years the ware produced 
here, consisting of jugs, jars, churns, flower pots, etc., sup-
plied the entire demand for a considerable area about Attica, 
.and was shipped to various points in this state and Missouri. 
Ochre. 
In the vicinity of Hamilton a deposit of yellow ochre 
·occurs, which, from outcrops and well borings seems to be 
quite extensive. It has been detected in well borings about 
two miles from where it outcrops, and it is believed to be con-
tinuous between these two points. If it should be found suita-
ble as a pigment it would become one of the important 
• 
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resources of the county. Samples of the material were sent. 
to a paint manufacturing company for examination, with the 
request that they report as to the quality and value of the mate-
rial. Their report is unfavorable on the whole, and yet the 
ochre is said to have the necessary constituents for paint, 
though in small quantity. _Though it has a commercial value it· 
is rather a low one. The chief objections to it are the pres-
ence of several impurities, principally calcium carbonate and 
small grains of sand. The samples were all collected near 
the same point, and it is possible that these impurities may 
not be present in all parts of the deposit. In one instance at 
least this ochre has been used with satisfactory results. A 
number of years ago a house in Hamilton was coated with 
paint made from this ochre and it has proved tv be quite 
durable. The COrOl:, though not a decided yellow, is very 
good. 
Copper. 
From time to time there have been rumors of valuable 
deposits of copper within the county, caused by the discovery 
of small copper nuggets. These have been found of various 
sizes, ranging from a few ounces to four pounds i.n weight. 
In every case, so far as could be ascertained, the copper was· 
picked up at the surface or was found in the glacial drift. 
It furnishes, therefore, no indication of deposits of copper 
within the county. Two possible hypotheses have been sug· 
gested to account for the occurrence of these isolated nuggets. 
One explanation is, that the copper was brought by the 
Indians, as it is known that they used the metal in the manu· 
facture of their weapons and ornaments; the other is that it 
was carried from the Lake Superior region by glaciers in the 
same way that the glacial bo.vlders have been transported. 
Probably both these hypotheses are correct and the copper 
was brought here by the Indians and by the ice sheets. 
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Lead and Zinc. 
In the course of the present survey frequent reports were 
met with of rich bodies of lead and zinc ore in the county. 
Whenever the exact location of these supposed deposits 
Dould be secured, the strata were carefully examined, but no 
evidence of the presence of either of these metals was found. 
With respect to the zinc, i is probable that the iron carbonate, 
siderite, which is found in the large septarial concretions in 
the black shale, has been mistaken for zinc blende. It closely 
resembles it in color, so that it is not surprising that such an 
€rror has been made. 
Oth er Minerals . 
Among the other mineral products, gypsum is probably the 
most common. This, however, is found in such small quanti-
ties as to be of no economic importance. It occurs in the 
usual diamond or needle-shaped crystals of small sIze, in cer-
tain black shales of the Coal Measures. Iron pyrites is fre-
quently found in the Coal Measure shales and in the coal, but 
not in sufficient quantity to be of any value. 
Oil and gas have been searched for, but have been found 
only in very small quantities. At times the water from certain 
wells has a thin :film of oil on the surface, indicating the 
presence of small amounts of this mineral. 
Water Supply. 
The water supply of the county is derived from running 
streams and wells. At present no use is made of the water 
power, there being no mill or other plant run by water. This 
is mainly due to the fact that the average slope of the 
streams is small, especially so in the larger streams, as shown 
in the table previously given. The city water works of Knox-
ville obtains jts supply from White Breast creek. 
The wells are usually shallow, since the water is found in 
the drift. Owing to the heterogeneous character of this 
material and its irregular distribution, water is obtained from 
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small sand-filled pockets or from small veins. Two wells, 
situated only a few rods apart, may obtain 'Water at different 
depths, drawing their individual supplies from different 
sources. The Coal Measures also contain water, but this is 
usually so strongly impregnated with mineral substances as 
to be unfit for household purposes. The water obtained from 
the Saint Louis formation, in the eastern part of the county, 
is of good quality, although in places somewhat hard on 
account of the large amount of calcareous material held in 
solution. 
On the uplands in the northern par·t of the county, between 
the Des Moines and Skunk rivers, and also in the southern 
part, there are a number of deep wells varying from 100 to 
300 feet in depth. The water in these is obtained from the 
Coal Measures and is usually of poor quality, except when 
found in sandstone, as is occasionally the case. In recent 
years the water supply of the shallow drift wells seems to 
have been decreasing, thus making it necessary for a great 
many of them to be deepened. While the average rainfall 
has not materially changed it does not seem to have been as 
well distributed throughout the year as formerly, and there 
are more frequent drouths. 
Springs occur in a few places, but they never have suffi-
cient flow to be of much importance. Water-bearing strata 
are seldom exposed, and where they lie near the surface the 
seepage is concealed by the drift or loess. Boggy places are 
thus formed rather than gprings. 
Ar·tesian Wells.-There are several artesian wells in "the 
northern part of the county which range from 200 to 800" feet 
in depth. Unfortunately no records have been kept, or else 
the records are so iDcomplete as to make it almost impossible 
to determine the age of the horizons from which the water is 
obtained. The most complete record, and the only one that 
can be depended upon, is that of the flowing well at Flagler, ' 
drilled by the White breast Fuel Company. It is located in 
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Tp. 75 N., R. XIX W., Nw. t of Sw. t of Sec. 2. The record 
is as follows: 
FEET. 
0-5 Clay ....... . . . ....... ' " .. ....... ... . .. ....... 5 
5~7 Sand .......................................... 12 
17-45 Limestone ........ .... .. .... .. ................. 28 
45-51 Sandy shale ........ ...... . ................... 6 
1)[-123 Sandstone .... . ... ........... . ......... . .. . .... 72 
123-IUO Limestone....... ... ... . ...... . ..... .......... 7 
J 30-143 Magnesian limestone.. . . . . . .. . ....... . ........ 13 
143-153 Limestone ................. . ..... .. .. . ....... 10 
1i'i3-160 Sandy ehale....................... . . ...... ... .. 7 
160-185 Limestone..... . ....... ....... .. . . ... . . .... .. 25 
1!l5-191 Sandy shale. . . . ... .... .... .... .. . . ........ . .. 6 
191-194 Limestone.......... ..... . ........ . .. .... ..... 3 
194-198 Sandy shale . . . . . . . . . . . . . . . . . . . . . . . . . .. ... .... . 4 
198-291 Limestone ...... . . .. ....... ... ......... , . ..... 93 
291-292 Hardwhite ·rock .............................. 1 
292-454 Limestone . ... ..... ............. . ... ....... 162 
454-ri24 Sandy shale .. ...... . ..... . ...... .. ...... ....... 70 
524-526 Sandy shale. . . . . . . .. ..... . .... . . '. . . . . . . . . . . .. 2 
526-590 Limestone . . . ... ...... .. . . ..... . .............. " 64 
5!l0-62lt Sandy shale ............................ .. ..... 3It 
621t· 687 Limestone ....................... .... .. .... 65t 
687-753 Lime rock .................... . ............... 65 
In this well a small flow of water was obtained at 320 'feet, 
and a strong flow at 626 feet. In the Jatter case the water 
was probably in Devonian strata. Two flowing wells about 
200 feet in depth, located in the Des Moines river bottoms, 
near Red Rock, seem to obtain their supply from the Coal 
Measures. 
In none of these wells is there strong flow, nor is the force 
sufficient to throw the water any considerable distance above 
the surface. The water is highly miner'alized, the chief min-
erals in solution being iron and sulphur. The water from the 
Flagler- well was found to be unfit for boiler purposes on 
account of its corrosive action. That from the other artesian 
wells would probably act in a similar manner as the composi-
tion seems to be practically the same, if one may judge by the 
taste and odor. It is claimed that the water from the Flagler 
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well possesses as great curative properties as that of the 
famous Colfax well of Jasper county, 
Soils. 
The soils of this county may be classified as loess; drift and 
alluvial. This classification is based on the different kinds of 
material composing them, and the source from which they have 
been derived. The loess soil is by far the most important, 
since it covers the greater part of the county. Where erosion 
is not active enough to remove large amounts of the surface 
material each year, the upper foot or two of the loess becomes 
mixed with a large amount of vegetable material, thus render-
ing it much darker in color than the underlying portions. With 
sufficient rainfall this soil is very productive and is well 
adapted to the raising of almost all kinds of crops. On account 
of its porosity, it absorbs and holds a large amount of water 
instead of allowing it to pass downward freely by percolation. 
Nearly all of this water is ayailable for the use of plants, since 
the roots are able to withdraw it from the loess as the plants 
require it. Moreover, because of the great porosity of the 
loesf:'\, when not covered by a dense mat of vegetation, such 
as bluegrass, it increases the relative amount of ground water 
compared with the surface drainage water. 
The drift soils are relatively of small extent and are found 
chiefly on hillsides. r.rhey are less fertile than the loess or 
. the alluvium. At times the boundaries between the loess and 
the drift can be determined by the appearance of the crops as 
well as by the color of the soil. The drift soils are usually 
designated as clay. Their unproductiveness is in a measure 
due to their position, since erosion is apt to be so active on the 
hillsides as to remove the soil mixed with vegetable material 
as rapidly as it is accumulated. This soil does not hold water . 
well and frequently bakes Oll the surface after a heavy rain. 
The alluvial soils are composed, as already stated, princi-
pally of the vegetable filled loess of the uplands and are the 
most productive of tb.e county. The only drawback is due to 
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their position. In wet years they are flooded and their culti-
vation thus prevented. 
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INTRODUCTION. 
LUCATION AN D AREA . 
Pottawattamie county is next to the largest county in the 
state. It embraces an area of nearly nine hundred square 
miles. Its greatest length from west to east is forty-four and 
a half miles. From north to south it measures twenty-four 
miles. The north , east, and south boundaries consist of the 
straight lines of the government surveys~ while the west 
boundary coincides with the boundary of the state and follows 
the main channel of the Missouri river. As this is subject to 
changes, the area of the county is slightly variable. Counting 
from the south, the county is the third in orderofthose which 
border on the Missouri river. 
PREVIOUS INVESTIGATIONS. 
Several writers have heretofore contributed to our knowl-
edge of the geology of this county. While employed as state 
geologist, Professor C. A. White published some notes on the 
surface geology of Pottawattamie county in his first annual 
report in 1868, * and in 1870 he gave a brief descl'iption of the 
outcrops of the older rocks within its area. t In 1887, W J 
McGee gave an account of the discovery of a fossil Bison in 
Council Bluffs. :!: In the annual reports of the present Survey 
Professor W. H. Norton§ has given some data on the artesian 
wells near the same city, and Professor B. Shimek has given 
an account of the loess and the loess fossils at Council B luffs. II 
* Fi rst An nual R e po rt ; State Geologis t . C. A. W hite , Des Moines, pp. 55-63 . 1868. 
tGeology of Iowa, C. A. Whi te, Des Moines, pp. 76-8 •• 1870. 
* Am . Jour. Sci . 1'01. , XXX IV pp. 27-220. 1887. 
R Iowa Geol. Su rv .• 1'01. V l.. P 340. 
Journal of Geology, Februa ry-~ l a rch , pp. 122-140, 1899. 
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PH YSIOG RAPHY. 
TOPOGRAPHY. 
The topography of Pottawattamie county is ve-ry uniform, 
consisting in the main of upland slopes and several flood plains, 
with some strips of upland plains and a few terraces. 
Flood Plains. The flood plain of the Missouri river occupies 
about seven per cent of the area. The width of thp,t part of 
the valley of the Missouri river which is included between the 
north and south boundaries of the county, varies from nearly 
four to six miles from bluff to bluff, and the width of the bot-
tom land on the east side of the river ranges from twenty rods 
to five and a half miles, with an average of tbree miles. For 
the most part this plain has an elevation of less than twenty 
feet above the average stage of water in the river. The latter 
has a general slope to the south of about one foot and five 
inches to the mile. There are frequent evidences of quite 
recent changes in the course of the main channel on this flood 
plain. These consist of marshy stretches and lakes, which 
have the outline of a bow or crescent, such as Honey Creek 
lake in Sees. 2, 3, 10 and 11 of Crescent township, Big Lake, 
in Sees. 11, 13, 14 and 23, Tp. 75 N., R. XLIV W., and Boyer 
lake, west of the village of Crescent, whose bottom is now 
mostly drained, and Lake Manawa, two miles sout h of Council 
Bluffs. The channel has shifted more than a mile from the 
place it occupied at the time of the making of the first land 
survey a half century ago. West of Council Bluffs it has 
receded a fourth of a mile to the west. Near the south line 
of the county it has shifted nearly a mile to tbe east, and 
southwest of Vtke Manawa a bend to the northeast bas 
moved westward. North of Council Bluffs a cut-off on an old 
"ox-bow" has transferred two square miles of land from this 
state to Nebraska, while in Crescent township this loss has 
been compensated by two somewhat smaller cut-offs west of 
Honey Creek lake and the village of Crescent respectively. 
The general tendency of these changes has been to straighten 
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the channel. It is in part a result of the recent removal of 
the timber growing on the bottom lands. This was formerly 
floated out and thus aided in obstructing the water more than 
it does at present. But it appears that the straightening of 
the channel is also partly a result of the more prompt run-off 
from the general drainage of the river, brought on by the 
cultivation and deforesting of the upland basin. This has 
resulted in higher floods which have a shorter duration, and 
make the current more swift while it lasts. A comparison of 
the radii of curvature of seven of the bends of the old river 
with seven of the present bends gives an average of one 
mile for the bends of the old meanderings and two miles 
for the new. This readjustment in the rhythm of the mean-
derings has resulted in some sharp bends at the junction of 
the new curves with some of the old. One of these places is 
a mile below the present mouth of Pigeon creek; another is 
in Sec. 3, Tp. 75 N., R. XLIV W., and still another a mile 
south of L'lke Manawa. At each of these places the river 
now makes almost a right angle, cutting rapidly on one side, 
while extending the other bank like a sand spit on the line of 
the new curve. 
, From the nature oj' the bluffs which border these bottoms 
on the Iowa side it is evident that the widening of the river 
bottoms has been a slow process, lately taken up only at 
irregular and widely separated intervals and at different 
points on the bluff line. Where the great stream has sapped 
the bluffs most recently these are very steep and have been 
but little furrowed by erosion, presenting a smooth and 
straight escarpment. Slj.ch places are seen between Council 
Bluffs and Crescent, and north of Crescent opposite Honey 
creek. The most dissected and ancient aspect of the bluffs 
is found in their reentrant recesses, as just below the mouths 
of the valleys of Honey and Pigeon creeks and at several 
points in the long semicircle of bluffs in Lewis township. 
The flood plain of the West Nishnabotna is next in import-
ance. South of the junction of its two branches the width of 
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its valley is one and two-thirds miles, but it is nearly two 
miles in width from here to Carson, where it suddenly nar-
rows down to less than half a mile. Between Carson and 
Macedonia it again opens . out to about one mile, but just 
northwest of the latter place its width.. is scarcely more than 
one-eighth of a mile, and at the same time it makes a sharp 
and short turn to the west. This turn, as well as the abrupt 
narrowing of the valley, is due to the stream encountering 
the bed rock, which has more effectively withstood the effects 
of erosion than the loose drift_ On the south line of the 
county the valley is again a mile and a half wide. The aver-
age elevation of the Nishnabotna valley in this area is one 
hundred feet above the Missouri river. From Avoca to the 
south line of the county this flood plain descends about 
eighty feet, or nearly three and four-tenths feet to the mile. 
The bluffs which bound this valley on either side recede 
with a gentle slope, frequently one-fourth of a mile in length. 
No recent cutting has taken place anywhere in these bluffs, 
which have an average height of one hundred feet. Their 
gTeatest height., as well as most abrupt slope, occurs on the west 
side of the valley from one to three miles south of Avoca. 
On the south line of section 18, in Knox township, the brink 
of the bluff rises one hundred and fifty feet above the bot-
tom land. For several miles here the bluff line runs in a 
series of loops a mile wide and with the concavity facing the 
river. These are separated by rather narrow spurs of upland 
which intervene and prc.ject nearly half a mile beyond the 
rest of the bluff. It is quite evident that the recesses are 
.due to undercutting by the river and that the curves cor-
respond to the curves of the meandering current. As these 
loops have a radius which averages ten times the length of 
the radius of the meanders of the present stream, it is to be 
inferred that the cutting which produced them was done at a 
time when the volume of the water in the river considerably 
.exceeded that of the present stream. This may have been 
17 
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coincident with a glacial advance, occurring after the deposi-
tion of 'the drift in this region. 
In the southeastern corner of the county the valley of the 
East Nishnabotna river occupies an area of about seven square 
miles. Its flood plain is only some ten or twen~y feet above 
that of the West Nishnabotna. The west bluffs run a course a 
little west of south from a point on the east line of section 24 
in Wright township to near the southwest corner of section 
35 in Waveland township. In the south part of the latter 
township this bluff has a long and low slope, but near the 
north line where the river is at present cutting under the base 
it is in places quite abrupt and nearly one hundred and fifty 
feet high. 
Quite large plains, or bottom lands, have also been formed 
by the smaller streams. For the size of the streams these 
bottoms appear slightly wider ill the western than in the 
eastern part of the c0unty. East of Council Bluffs there is an 
abrupt narrowing of the valley of Mosquito creek, due to the 
presence of bed rock. The width is otherwise quite uniform 
for each stream, as may be seen from the following measure-
ments: 
AVERAGE WIDTHS OF FLOOD PLAINS OF THE CREEKS IN POTTAWATTAMIE COU NTY 
IN FRACTIONS OF A MILE. 
TOWNSHIP I TOWNSIUP I TOWNSIlII' I TOWNSHIP 
NAME OF CREEK. 77 N. 76 N. 75 N. 74 N. 
Walnut creek . ............... ..... ...... .. ......... One"titth One-tifth. 
Graybill creek .... . ... . . .. .... . .... .. .... One-fourth Une-fourth . One-fourth . 
Silver creek ........ . ...... . . . ...... .... . One-fourth. One-fourth. One-third . 
Middle Silver creek .. .. .......... _. .. . .. ........ ... . ........ . . One-third. 
Keg creek .. . ... . . . .. .. .... . One-fifth. . ..... . ..... One· fourth One-half. 
Mosquito creek ..... ... . ... ... Two-fifths. Ii-twelfths. One-third. One half. 
Pigeon creek . .... .... .. ...... One-third. 3-fourths. . .... " . . . .. .. .. . .... . 
The uniform width of the bottoms of these creeks is partly 
a result of the shape of their long and narrow basins, but it 
must also be regarded as a result of protracted work performed 
since the time when the cutting oj' these streams had backed 
up to their present heads. 
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The southward pit ch of all these flood plains is very nicely 
adjusted to two factors. It diminishes with in crease in thesize 
of the streams, and, in case of the smaller streams, increases 
with the approach to a direction normal to the valley of the 
Missouri river.. Three instances may suffice for illustration: 
PITCH OF FLOOD PLAINS IN POTTAWATTAMIE COL'/ljTY. 
Trend in de-
\ . grees from a 
Pitch per mil e ~ ppro'lmate li n e parallel 
. length In mJies with the Mis-
Missouri river. ........ . ........ . . . ..... / 1.4 
West Nishnabotna.. .. .... . ................ 3 .5 
Mosquito creek ... ' .... ... . ... .. . ..... .... . 5.4 
1,00U 
60 
42 
souri. 
Uplands.-The main topographic feature of the county con-
sists of an old drift plain into which the lowland plains just 
described have been cut and again partly filled. The surface 
of this drift plain has a general gentle slope to the southwest, 
the east end sloping more to the west. The average elevation 
of the plain above sea level, at · each of the four corners of 
the county, is about 1,230 feet at the northwest, near Loveland, 
1,330 feet at the northeast, in the vicinity of Walnut, 1,250 feet 
at the southeast, in Waveland township, and about 1,200 feet 
at the southwest, in the west part of Keg Creek township. 
This makes the general slope to the west along the north 
boundary of the county a little less than three feet per mile, 
and that along the south boundary slightly more than half a 
foot to the mile, while the descent from north to south along 
the west border is about one foot, and along the east border 
more than three feet to the mile. 
The principal streams which cross the county from north 
to south divide this plain into a succession of broad, parallel 
swells, with a central divide and two gentle, lateral slopes, 
which lead down to the bluff's of the streams on either side. 
Along the two sides of the West Nishnabotua river this 
descent of the surface on the two adjacent swells back of the 
bluff's is from thirty to sixty feet in a mile. It should be under-
stood, however, that this describes the general contours alone. 
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The surface of each swell is by no means an even arched plane. 
It consists rather, of a skeleton of ridges and divides which 
separate a multitude of small branching drainage lines, the 
deepest part of which lie from 50 to 200 feet below the divides. 
The greater part of the surface is thus taken up by slopes 
which run from the bottom of the draws to the top of the ridges. 
These slopes are therefore the most important of the topo-
graphic elements to be considered. With a range of from 50 
to 200 feet of total descent, by far the greater number approach 
quite closely t.he height of 100 feet. The slopes exceeding this 
height occur close to the larger streams, in particular the Mis-
souri, and those which come much short of it occur only near 
the headwaters of the smaller drainage lines. A vertical sec-
tion of an average upland slope of this kind exhibits a double 
curve with a concave contour below and a longer convex 
contour above. An average of fifteen measurements on slopes 
taken in the region away from the Missouri river shows 
the pitch of the steepest part· of the slopes to be about seven 
degrees from the horizontal, making a grade of about 
thirteen feet to the hundred. As the length of the whole slope 
ranges up to half a mile the average descent is considerably 
less. 
The topographic features s<? far described may be regarded 
as being in the main the result of aggradation by the present 
drainage, whi('h has reached a high degree of maturity. But 
there are a few features which must be looked upon as the 
result of other causes. While there is not an entire quarter 
section of land which is not invaded by some ramification of 
the draina~e, th~re are a few ragged patches of flat upland. 
These probably con8titute less than one-hundredth part of 
the total area of the drift plain. The largest tract of the kind 
is north of the upper forks of Graybill creek, south and 
northwest of theviUageof Walnut. Smaller tracts are seen at 
intervals along a line from one to four miles east of the bluffs 
of the Missouri river, as in the west tier of sections in Keg 
Creek township; in Secs. 13, 23 and 24, Tp. 75 N., R. XLIII W.; 
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in sections 8 and 17 in Boomer township; in the country from 
one to two miles east of Loveland; and notably in the uplands 
one or two miles east of Crescent. Still smaller and less 
perfectly level strips are found on the divides in sections 4, 5 
and 18 in Norwalk township; in sections 32 and 33 in Neola 
township; in the country three miles northwest of Carson, 
above the headwaters of Mud creek; in sections 7 and 8 in 
Pleasant township, and between the upper forks of Indian 
creek in Waveland township. Excepting the fiats nearest the 
Missouri bluffs it will be noticed that these tracts all occupy 
the divides which are farthest away from the principal 
streams. These no doubt represent the surface of a glacial 
drift plain, which elsewhere has been extensively changed by 
erosion. 
The fiat areas near the bluffs of the Missouri can probably 
not be accounted for in this way. At some points on these 
flats the surface rises in low, round swells, from ten to twenty 
feet higher than the ~mrrounding flat and covering from 
twenty to forty acres of ground. These fiats and swells are 
to all appearances an expression of the process of the 
deposition of the loess, which in this region has a thickness of 
from sixty to a hundred feet. This bluff border has other 
features which are peculiar. Approaching the Missouri from 
the east the upland streams become deeper and narrower in 
the last two or three miles from the fiood plain. The slopes 
become steeper and ma,y run down at last with an angle of 
twenty-five degrees, or even more, from the horizontal. Most 
of the divides contract to narrow ridges, which at last are 
barely wide enough to permit cattle to proceed in single file 
along their crests, when using them as the most convenient 
routes connecting different parts of a hilly pasture. Next 
the bluffs the land is a, bewildering maze of ridges and 
ravines. The whole height of the ridges consist of loess, and 
the ravines only now and then cut into the bowlder clay. 
This topography is plainly a result of erosion, and everywhere 
are beautiful illustrations of carvings made by the present 
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creeks and gullies. But even here we find some forms that 
suggest another origin. A few of the ridges rise and widen 
close to the very brink of the bluffs, and the ravines come out 
around t hem to the bottom lands by circuitous routes. In 
fact, the general descent of the upland to the Missouri river 
may be said to be interrupted at the outer border by an 
ill-defined and disjointed elevated edge, where some of the 
divides r ise half a hundred feet above the height of the land 
t o the east . The most pronounced development of this 
accentua ted margin of the upland plain is seen in the bluffs 
near the southern boundary of the county, near the north city 
limits of Council Bluffs, in the region south of Crescent, and . 
in the bluffs north and south of Honey Creek station. These 
border spurs appear particularly conspicuous above the 
angles bet ween the principal creeks and the bluff line of the 
river. They are no doubt to be regarded as incidents 
intimately associated with the deposition of the loess, and 
their forms suggest a building up by deposition, rather than 
a carving out by erosion. Possibly they are the result of an 
accumulation of loess, which has taken place contemporane-
ously with the erosion. 
Table of Elel'Cl,tions.-The following elevations of places in 
the county are taken from Gannett's Dictionary of Altitudes: 
A.T. 
Avoca, C., R. 1& p. R. R. track at depot .. ..... .... . .. 1,140 
Carson, R. R. track at depot . ... ........... ..... . . .... 1,066 
Chautauqua . .. . . .. . .. . .. . ... . . ... . .... . ..... . .. .... . .. J,019 
Cou ncil Bluffs, O. & St. L. and C.,B. & Q. R. R. crossing 982 
Council Bluffs, C., l{, I. & P. and C, B. & Q. R. R . 
crossing . . . . . . . . . . ... . . . . . .. ........ . ... . ..... . .. . .. 982 
Council Bluffs, U. P. R. K, bridge abutments . . . ... .... 1,033 
Council Bluffs, track at U. P. R R. depot. . . .. . . . ... . . 987 
Council Bluffs, U. P . R. R transfer station .... . . . . .. . . 984 
Council Bluffs, low water, Missouri river.... ...... .... 962 
Council Bluffs, high water Missouri river.... . . . . .. . . . . 982 
Council Bluffs, bench mark in stone door-sill of C., M. 
& St. P. R. R. round house, eight feet from south-
west corner.. . ... . .. . . . ... ... . .. .. . ... . . . .... . .... . 982 
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Council Bluffs, copper bolt in stone. three feet from 
northwest corner of boat yard storehouse........... 976 
Council Bluffs, copper bolt in stone in southeast corner 
of court house yard.... ............................ 991 
Crescent, C. & N. W. HR................... .. . .. .... 990 
Hancock, C., B. 1. & P. R. R ........ ... . ..... ... . ..... 1.113 
HaIlan Junction, C., n. 1. & P. R. R . .. ... . ... .. ... .. . 1,137 
Honey Creek, C. & N W. R. R ...................... 1,107 
Honey Creek, top of bolt in west end of south bridge 
seat of plate girder, bridge No. 988, on C.,& N. W. KR. 1,005 
Island Park, C , B. & Q R. H.............. . . . . . . . . . . . . 975 
Island Park. copper bolt in stone forty six feet east of 
K. C. & St. J., and C, B. & Q. R. R. track..... . .. .. 968 
Loveland. C. & N. W. R R ........................... 1,004 
Loveland, copper bolt in stone abutment on southwest 
corner of C. & N. W. bridge No. 979 ................ 1,001 
Mindon, C., R. I. & P. R. ROo .......................... 1,197 
Neola, C., H.. 1. & P. and C., 111. & St r . R. R. crossing .. 1,101 
Neola, C, M. & St . P. R. R ........................... 1,106 
Oakland, C., R. I. & P. H. R ..... ..................... 1,105 
Underwood, C, M. & St. Paul R. R. .................. 1,073 
Underwood, C , l~. J. & r. R. R. .... . ..... .. . . . _ ...... 1,081 
Walnut, C., R. r. & P . R. R ...... ...... .. ... ... .. ..... . 1,284 
Weston, C ,R 1. & P. and C., M. & St. p. R. R . ....... 1,045 
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From the foregoing description of the topography it is 
evident that its present character is chiefly a result of ero-
sion. The author is inclined to regard it as in part, also, a 
result of atmospheric and fluviatile sedimentation, perhaps to 
some extent contemporaneous with the more important factor 
of stream erosion. 
The general slope to the west is probably a feature inher-
ited from preglacial times, the region being part of an 
ancient plain with gentle slope in that direction. But all of 
the minor features of this old plain are buried under the 
drift, and it is doubtful if any of them are reproduced on the 
surface of the heavy covering of Pleistocene deposits. From 
such data as have been secured bearing on the elevation of 
the old surface of the bed rock, it does not appear that t he 
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highest elevations of this surface coincide with the highest 
points of the land of to-day. In the northeast corner of the 
county bed rock appears at nine hundred and eighty feet 
above sea level, and in the southeast corner it rises a hundred 
feet higher. At Macedonia it is higher up than at Avoca. 
Our knowledge of the details of the topography of the pre-
glacial land justifies no conjectures 'as to the preglacial val-
leys under the main drainage lines of the present surface, 
though such a correspondence has been made out for present 
drainage lines in some other parts of the state. The drain-
age of this region seems to have been developed after the 
deposition of the drift, mainly by ueepening of the main 
channels and tributaries of streams which were established 
upon the disappearance of the ice from the region. The 
comparative widt~ of these valleys and the almost universal 
erosion of the uplands testify to the long duration of this 
work. This county lies outside of the limits reached by the 
later drift sheets, the Wisconsin, the Iowan, and probably also 
the Kansan. While these drift sheets were being laid down 
farther north and east, this region was su bjected to the work 
mainly of destructive forces. The intensity of their action 
may at times have varied, or the work may even have been 
suspended for a period, but during most of the time it 
appears to have been going: on. 
There is reason to believe, as already stated, that the 
course of the principal creeks and also of the greater number 
of their smaller affiuents were determined before the ice had 
fully disappeared. This region lies toward the southwestern 
margin of the great central lobe of the glaciated area, and the 
direction of glacial motion was toward the same quarter, 
more or less parallel with the main drainage lines. Ice 
scorings in the valley of the West Nishnabotna run parallel 
with the general course of this stream. There is a gradual 
change in the course of the larger streams from only two or 
three degrees west of south in the east end of the county, to 
an average of thirty degrees west of south in the west end. 
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This suggests an approximation to the radii of motion in the 
ice field, and such an adaptation to this motion is noticeable 
in the whole southwestern part of the state. The close 
proximity of some of the creeks which have long and straight 
parallel courses, indicates that the plain on which these 
streams were first marked out must have had an unusually 
'regular surface. It is probable that the surface of a great 
ice field would be more regular and hence more favorable for 
the inception of drainage systems of such regularity, than 
the surface of the drift after the ice was all removed. Mid-
dle Silver creek and Little Silver creek run side by side almost 
in a straight line for twelve miles and are less than two miles 
apart. The main fork of this creek and Middle creek run a 
parallel course for twice this distance, diverging slightly to the 
south, and are only from two to four miles apart. Mosquito 
creek and Keg creek run in long parallel curves for twenlJY-
four miles up into Harrison and Shelby counties, and are only 
from four to five miles apart. While such an unusual regu-
larity would be most likely to develop on the surface of a 
great ice field, it would hardly by itself be sufficient to sug-
gest such an origin. But it is accompanied in this case by 
another persistently recurring feature in the secondary drain-
age lines ~f similar import. The greater number of these 
trend -from northwest to southeast on both sides of the 
primary streams. The angles which the left tributaries make 
with the main trunk are obtuse, while the angles between the 
trunk and the affiuents on the right side are acute. The 
tributaries from the southeast actually run on lines which are 
continuous with those of the tributaries coming from the 
northlVest, though the streams run in opposite directions. 
The tree-like figure of each little drainage system is regularly 
unsymmetrical in such a way that the branches of t~e figure 
hang down on one side at just about the same angle as they 
point upward on the opposite side. 
The branches of Mosquito and Honey creeks perhaps fur-
nish the best illllstratlOns of this habit, and, disregarding 
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Walnut creek, such examples are the rule rather than the 
exception in the tributaries of all the streams in the county. 
The lines on which the tributaries from the two sides of the 
streams run are sometimes also continuous, so that the two 
valleys from opposite sides of the main stream occupy, as it 
were, a COmmon trough which crosses the valley of the main 
trunk diagonally, and which is interrupted by the divides 
between the drainage systems. The Honey creek and the 
Pigeon creek systems show this arrangement in several places. 
Again, we sometimes find that the lines of the right tributa-
ries of one system are continuolls with the lines of the left 
tributaries of the next system to the north west. This relation 
obtains between some of the tributaries to Mosquito and Keg 
creeks in Norwalk township, between a few tributaries of 
B3.11ard and Graybill creeks in Knox and L1.yton town ,;hips, 
and between Graybill and Jordan creeks in the north part of 
Centre township. Indeed, there are instances where the sec-
ondary streams form continuous lines which cross no less than 
three different drainage systems. In the main, the drainage 
may be said to tend to have a latticed arrangement, where 
the heavy, continuous lines of the mainstreams run from north-
northeast to south-southwest, and the faint, more interrupted 
and irregular lines of the tributaries run from northwest to 
southeast. It is also to be noted that the lines of the sec-
ondary streams are separated by intervals of quite uniform 
length. They are mostly about four-fifths of a mile apart. 
Were this a driftless region such a feature of the drainage 
would best be explained as a result of the structure of the 
country rock. The drainage- lines would be found to bear 
some constant relation either to the prevailing joint systems 
or to the strike and dip of the terranes. But in this county 
we find the bed rock deeply buried under glacial drift and con-
sisting mainly of soft shales that lie in an almost horizontal 
position. It is improbable that the structure of this rock can 
in any way have determined the nature of the present drain-
age. It is well known, however, that glacial streams tend to 
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take a course parallel with the ice movement. * This may 
account, as already indicated, for the direction of the main 
streams. For the inception of the secondary streams it would 
only require that there should be some slight ridging of the 
original surface in a northwest-southeast direction. Two con-
ditions suggest themselves as competent for the production of 
such a ridging on the surface of the original drift plain. The 
retreat of the ice may have resulted in the production of a 
series of diminutive morainic elevations, or the surface of the 
ice fields may have been modeled into wavelike swells by the 
a ction of the atmosphere, as has been observed in the interior 
of Greenland. On an even surface, like that of an extensive 
ice field, it is evident that very small inequalities would suffice 
for determining the flow of surface water resulting from the 
melting of a stagnant glacier, and that once started, drainage 
lines on the ice would be apt to maintain themselves in their 
first channels until they were securely engraved in the drift 
below the melted ice. 
Should the origin of the secondary streams not date as far 
back as to the time of the making of the drift plain, it seems 
that their regular direction and rhythmic repetition would have 
to be assigned to some cause Gonnected with the deposition 
of the loess. 
At the time the government land surveys were made, a 
good many bottoms of the larger streams as well as of small 
upland creeks, were less well drained than they are today and 
were marked as swampy tracts on the survey charts. Typical 
examples occur in the bottoms at the head waters of Little 
Silver creek, in York and Pleasant townships, and along the 
affiuents of Middle Silver creek, in York and Washington 
townships. These lands have become dry pastures or fields, 
either by artificial means or by the natural cutting of channels 
by the streams below the surface of the flat bottoms, induced 
by the destruction of a rank native vegetation through pastur-
'The Glacial Gravels of Maine and their Associated Deposits. George H. Stone , U. S. Geol Surv., 
)lonograph XXXIV, p. 320. 
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ing. Many small creeks which now have well established 
furrows twenty feet deep, requiring good bridges for the wagon 
roads, could be crossed by teams and heavy vehicles almost 
anywhere in the early days before the country was settled. In 
fact it seems that the conditions existing at that time rather 
favored the building up of the land over these bottom lands 
than a lowering of their surface by erosion. 
"Cat-steps" is a local name given to an irregular, stair-like 
configuration of the surface sometimes seen on the steeper 
part of the loess , covered slopes. They constitute a minor 
local topographic feature. Each step is a line of recent fault-
ing or slipping of the loess, which has crept down the slope. 
The displacement may amount to as much as two or even three 
feet in the vertical direction. One "step" forms a gentle 
curve which runs parallel with the sides of the hill. The curve 
itself is a succession of smaller jagged turns and bends. The 
steps usually follow one below the other at intervals of from one 
to five feet. A chance observation in the grading of a wagon 
road exhibited plainly the fault plane below the surface. 
There is good reason to believe that this faulting is a result 
ofa gradual recent diminution of the ground water- in the loess, 
causing this to shrink somewhat in bulk. It has made its 
appearance with the slow drying up of shallow weils and 
swampy dra~s. "Cat-steps" are most common in the north 
west part of the the county. A similar slipping or faulting of 
the loess is sometimes seen on a larger and more regular scale 
in the face of the bluff's of the Missouri river. 
STRATIGRAPHY. 
Ger,eral Statement. 
The oldest rocks which are exposed in the county belong 
to the Coal Measures. These extend down at least a thousand 
feet below the surface and are found in most places at a 
depth of less than three hundred feet. They apparently lie 
in an almost horizontal position but are probably tilted slightly 
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to the southwest. In the southeastern part of the county, 
and at a few other points, the Coal Measures are overlain by 
some remnants of soft sandstone and shale of Cretaceous age, 
probably ranging from ten to one hundred feet in thickness. 
These two formations may be regarded as constituting the 
country rock. On their surface there may rest some buried 
and insignificant remnants of Tertiary deposits, but they are 
otherwise covered directly by the drift. The latter averages 
slightly more than two hundred feet in thickness for the whole 
county, and consists of about one hundred and forty feet of 
bowlder clay and sixty feet of loess. In the valleys of the 
creek~ and rivers, which have almost everywhere eroded the 
drift, we find the still later deposits of a.lluvium. The succes-
sion of these several members is indicated in the following 
table: 
GR·JU P. YSTElIr. S~~IU((S. STAGE. 
-
R ,cen t. Alluvial. 
Pleistocene. 
Ce nozoic. Glacial. Loesl'. . Pre· Kansan . 
T ertiary (?) Eqnus B eds (?) 
Mesozoic. Cretaceous. Dakota. ~ishnabotna. 
Paleozoic. Carboniferous. Ut>per Missourian. Carbon iferous. 
Deep Explorations . 
Five artesian wells which have been sunk in Council Bluffs 
have supplied some data ~n the strata below those exposed in 
natural sections. Two of these wells were drilled by Mr. 
Conrad Geise at his old brewery on Upper Broadway. Mr. 
Robert F. Rain, who superintended the work, has furnished 
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the following memory statement as to the nature of the 
materials which were penetrated : 
1. Surface silt (loess ?) .. . ...... . ..... . 
2. Bowlder clay ............. . ... . ... . 
FEET. 
55 
5 
3. Limestone, easy to drill.......... .... ............ 12 
4. Shale, about..... . .. . . . . . . . . . . . . .... . . . .. ........... 250 
5. Limestone, probably largely like shale, with iron 
pyrites in the lower part, about. . . . . . .. . ... .. . . . . 330 
6. Dark carbonaceous material giving off gas when 
retorted , about.................................. 8 
7. Shaly material, about....... ... . . ... ...... .. . . . . .... 340 
8. Gray sandstone. . . . . . . . . .. .. . .. .. .. . ....... . ....... 114 
Total depth ................................ ],114 
Elevation of curb of well..... .. ................... 1,030 . A . T 
At the round house of the Milwaukee railroad another well 
has been drilled to a depth of 750. Messrs. W. H. Gray & 
Bros. of Ohicago, who drilled this well, state that they went 
through the following strata: 
FEET. 
1. Dr"ft .... ....................................... . 70 
2. Lime rock .. . . ... . ....................... . ... 100 
3. Shale . . . . ... . ....... . ......... .... ............ 480 
4. Sand rock .... 100 
Total depth . . . . . .. .. . ..... ........ .. .. 750 
Elevation of curb of well.... . . .. .......... 980 
At the Iowa School for the Deaf and Dumb two deep wells 
have been drilled and the present superintendent, Mr. H. W. 
Rothert, has kindly furnished the following "copy of a mem-
orandum as to the artesian well" (the well last made): 
FEET. 
l. Surface material. .. .. .. . .. .. .... .. . .... .... .. .... 90 
2. Shale... .. ..... . .. . ....................... . ....... 300 
3. Sand. . .......... .. ........ ............... . .. .. ... 80 
4. Lime rock... . ........... . ..... .. . . .......... ..... ] 00 
.1. Shale.......... . ..................... . .... ...... . 250 
6. Lime rock............. . ..... . ........... . . . ..... ]00 
7. Sand rock............. . . .. ...... . . . . . . . . . . . . . . . . . 40 
8. Lime rock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
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FEET. 
9. Sand rock. . . . .. ............... . ... . . . . . . . . . . . . . . . 30 
10. ShHle...... . .. .. ..... . ........................... 33 
11. Some sandstone . ........................ 25 
Total depth of well..... . .. . .. . ....... . . 1,100 
Elevation of curb of well about ............. 1,010 A. T. 
In the museum of this institution there is preserved a set 
of drillings from the same well. These were examined by 
the writer and found to be mostly shale with some limestone 
and sandstone, as below. 
DESCRIPTIONS OF DRILLlNGS FRO~I AN ARTESIAN WELL AT THE IOWA SCHOOL 
FOR THE DEAF AND DU~lB. 
DEPTH. 
1. Lavender colored phalE', not calcareous .. . .......... . 290 
2. Calcareous bluish shale, with some small chips of 
limestone ............ '" .................. . ... . ... 3~5 
3. Blue, tough, calcareous shale. '" . . . . . .. . .... . ...... 355 
4. Calcareous blue shalE', with some chips of limestone .. 400 
5. Hlue shale, not calcareous, with a few chips of liUle-
stone .......... . .......... ...... ............ . ..... 470 
6. ned calcareous shale or marl ........................ 500 
7. Very faintly calcareous, bluish gray shale ..... . ...... 630 
8. Gray quartz mixed with some calcareous grains ...... 745 
9. Greenish shale. with some fragments of limestonE' .. .. 810 
10. Dark limestone mixed with some shale and sand ..... 860 
11. White calcareous fragments and grains of transparent 
and of milky quartll, ground up ... . .............. \)20 
12. Gray shale, slightly calcnreous ...................... 980 
Besides these there were three more samples taken at 
unknown d'2pths, two consisting of a pure white limestone 
cut up into thin c:hips, and the other being a yellow limestone, 
ground rather fine. 
rt will be noticed that the records from the different wells 
differ greatly, almost too much to be correlated as sections 
of the same series of rocks. The record from the old brew-
ery wells was given from memory and the great thickness of 
the middle limestone may be in part an exaggeration. r:!.'he 
record from the well belonging to the Milwaukee railroad 
mentions no limestone at the same depth, but a gentleman 
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who watched the work states that there was considerable 
limestone above the sand in which water was obtained. The 
record of the well at the School for the Deaf and Dumb is 
from notes taken at the time the well was made and is veri-
fied by a set of samples of drillings. The limestone in num-
bers 4 and 8 of the descriptive record corresponds to calcare-
ous shales or marly rock in the samples (numbers 6 and 12). 
Such rocks as have been explored here could hardly fail to be 
reported differently by different drillers, for they consist, in 
the maio, of shales which graduate on the one hand into 
limestone, and on the other, into sandstont·;{· . 
Making due allowance for all sources of error in the data 
at hand it is apparant that there is about 1,000 feet of rock 
belonging to the Upper Carboniferous underlying the lowest 
exposures in the county . The upper 300 feet consist of shaly 
beds with some layers of limestone, the next 200 feet is prob-
ably also shaly, but with beds of limestone and sandstone: 
then there is again some two or three hundred feet of shaly 
beds, which are followed by alternations of sand~tone and 
limestone, with some shale, extending as far down as the 
explorations go. There can be no doubt that the sandstone 
which furnishes the water belongs to the Des Moines stage, 
and the limestones which lie 500 feet below probably represent 
the Pennsylvanian. From two to three hundred feet of the 
upper part of the section apparently belong to the Missourian 
stage. 
CARBONIFEROUS. 
THE MISSOURIAN. 
There are only a few places in the county where strata of 
the Missourian stage are exposed. These are in the south 
part of the valley of the West Nishnabotna and in the bluffs 
of the Missouri south of Crescent. There is also an old quarry 
in these beds in the lower part of the valley of Mosquito 
creek. 
• Compare record of boring in Omaha, Report on the Paleontology of E ast Ne braska, etc., F. B. 
lIIeek, pp . 87-88. 
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Beginning farthest south, in the valley of the West Nishna-
botna, we :find 'Some rock coming out under the foot of the 
receding point of the bluffs in the Nw. i of the Sw. i of Sec. 
27, Macedonia township. This is near the location of the old 
,Carter and Doland mill. The beds seen at this place are as 
follows: 
SECTION NEAR THE OLD MILL SITE, MACEIIONIA. 
FEET. 
6. Yellow marly shale with Amboae/ia U1Ilbol/ata, and 
Chonetes granulifera .. ............................ 2.6 
5. Blue shale.... . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. .9 
4. Bluish, d:trk compact limestone, apparently structure-
less, with occasional joints of crinoid stems and 
Amboccelia planoconvexa, Athyris sztbtilita (large), 
Pinna peraczda, Productus nebraskensis, P. 100tgi-
spinus, Rhombopora lepidodendroides, Polypora sub-
marginata, Fistulipora nodulifera, Pi1l1zatopora.. 1 
3. Yellow shale ....................................... 3 
2. Bluish gray limestone . . .... . .................. .. .... fj 
1. Yellow shale ....................................... 5 
At the northeast corner of Sec. 27 and the soutwest corner 
of Sec. 22, in the same township and range, rock has been 
quarried at intervals in the foot of the north bluff of the river 
for a distance of nearly a quarter of a mile. The following 
:section appears: 
SECTION IN TOMPKIN'S QUARRY NEAR MACEDONIA. 
FEET. 
5. Dark gray limestone, in thick layers above, where 
abundant irregular concretions of black chI rt occur: 
fossils: Athyris sttbtilita, Productus costatus, P. 
cora, P. nebras kensis, P. pertenZtis, Fttsulina.... 4 
4. Disintegrated limestone or marly shale with Chonetes 
gramtlitera and Fttsulina cylindrica..... ... ...... 1. 5 
3. Hard, dark and gray limestone. . . . . . . . .. . .......... 1.5 
. 2. Gray marly shale with numerous fossils above ...... 5 
1. Yellowish white and soft limestone with Fusulina in 
abundance (not well exposed I. . .. . ..• .••......... 1 
The lowest number has been the rr..ain quarry rock. The 
Ibeds above are frequently much weathered so as not always to 
:appear in the section in full thickness. Number 2 is quite marly 
18 
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and contains more fossils above than below. Gn the old dumps 
along the quarry there were seen a number of fossils which 
evidently came from this shale. 
Near the northwest corner of Sec. 23, in Macedonia town-
ship, there is a quarry belonging to Mr. John Martin, in which 
the same beds are exposed. 
, 
SECTION IN JOHN MARTIN'S QUARRY. 
8. Drift. 
7. Traces of a weathered shale. 
6. Hard, compact, structureless, gray limestone with 
occasional crinoid stems and other fossils. Lophophyl-
lum profundum, Belleroplzon carbo1zaria, Seminula 
argentea, and Peripristis semicircttlaris were noted . 
The rock is also characterized by the presence of 
occasional irregular curving layers of a finely lamin-
ated calcareous material which hasa texture simulat-
FEET. 
ing organic structure . . __ . _ .. __ ... , __ _ .. _ , . _ . , . _ . . . 1.3 
5. Grayish, light marly shale with many fossils and con-
taining occasional small irregular crevices filled with 
white calcareous flour The following- fossils were 
noted: AmbocaJlia planoconvexa, A1'chceocidaris, 
Aviculopeclen carboni/erus, Chonetes g-ranulifera, 
Derbya crassa, Erisocrinus typus(,'R) , Fusulina cyl-
indrica, LophophyUttm prolifermn, Produclus longi-
spinus, Rhombipora lepidodendroides , Semi1tula 
argentea , . _ . , , . , _ , . _ ' .. _ _ _ . _ , __ .... _ _. _ . , ' ' .. __ , 5_ 
4,' Dark and greenish shale, not calcareous ill its lower 
part and almost without fossils _ ' _ _ _ _ _ __ . __ . __ . . . . 4. 
3, Marly white limestone with Fttsulina in abundance .. 6. 
2. Three ledges of gray, somewhat compact limestone, 
each about a foot in thickness. These are separated 
by thin seams of soft marly material. The upper 
ledge has dark nodules of chert which contain 
numerous small fragmen's of organic structures ... 3. 
1. Yellow limestone of soft texture with many fusulinas, 
exposed, ., .. .. , .... , .... ' ....... , .. ' ..... , ... " .. 3. 
About two feet of the lower ledge in this section is again 
seen in the bed of a small creek about a quarter of a mile to 
the northeast of this quarry. It is here a bluish gray lime-
stone and contains a Pinna, frequent small specimens of 
l<usulina oylindrica, and some crinoid stems. 
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In the Sw. 1 of the Sw. i of Sec. 14, Macedonia township, 
Mr. Hartson Bryant has for many years quarried rock from 
some ledges which in part are the same as numbers 1 and 2 in 
John Martin's quarry, and in part consist of a ledge below 
this. 
SECTION IN HARTSON BRYANT'S QUARRY. 
FEET. 
3. Somewhat compact limestone with quite frequent 
fragments of crinoid stems ........................ 1.5 
2. Rather soft. yellowish white, limestone with F11sztlina 
cylindrica in abundance, also Pinna peracztta . ..... 3.5 
1. White, slightly more indurated limestone, with Lopflo-
phyllum profundztm and Fistulipora nodulifera. The 
latter fossil in irregular masses, as much as two 
inches in diameter.... . .... . . . . . . . . . . . . . . . . . . . . . . . 2. 
On the west line of the N e. i of the Se. i of Sec. 10, in the 
left bank of the West Nishnabotna, the bed rock is being 
cut into by the river and is exposed when the water is low. 
The entire section is less than four feet. 
SECTION IN THE RIVER BED SOUTH OF CARSON . 
2. Black carbonaceous shale splitting into very thin 
laminre. (Among the shingle of this slate there 
were found several specimens of Campophyllztm tor-
quium, one Aulopora, and some of Lopflophvllttm 
FEE T . 
profttnd1nn) . . . . . . . . . . . . . . . . . . . . . . . . .. ............. 2. 
1. Bluish gray, soft limestone in layers from two to four 
inches thick and broken into rectangular or rhom-
boidal blocks by numerous joints of two quite 
uniform directions . This rock contained many 
fossils, among which were identified Fusulina c:Jfl-
indrica, Chonetes glaber, C. granulifer, Productus 
cora, P. costatus, Seminula argentea, Aviculopec-
te11 occtdentalis, Edmondia, sp . Sc1tizodus wfleeleri, 
another smalllamellibrancb, and Belleropflon cras-
sus. Some of the fossils were preserved only as 
casts. This limestone contained one thin layer 
which was filled with Chonetes.............. ..... 1.5 
Only a few rods to the southeast of here on the other side 
of the railroad and twenty-iive feet above the river bed, a shaft 
i 
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was sunk some years ago in search of coal. The materials 
explored are given in the following section, as reported: 
SECTION OF ROCKS EXPLORED SOUTH OF CARSON. 
FEET. 
6. Loess ............................................... 10. 
5. Pebbly clay. . . . . . . .. . . . ... .. .... .. . . . . .. ... .... . ... 16. 
4. Black "slate" . . .. "........... . .... ..... . .. ....... ... 4.5 
3. Hard shale or limestone (explored mostly by drilling) 80. 
2. Shale .... ... ...................... .. ..... . ...... . ... 28. 
1. Black slate. ........................................ 1. 
It is quite evident that the black shale (4) and the shaly 
limestone (3) in this shaft are the ledges exposed in the strflam 
close by. On the old dump of the excavation there were 
seen Fusulina cylindrica, Aulopora, sp., Oampophyllum to'l'-
quium, Lophophyllum profundum, Amboccelia planoconvexa, 
Ohonetes granulifel', Dm'b.'la crassa, Hustedia mm'moni, Pugnax 
'uta, Spir'ifer camemtus, and Spiriferina kentuckiensis. 
Most of these apparently came from the shale (4). 
Under the base of the bluff west of the river and north of 
the mill, in the Se. t of the Se. t of Sec. 3, Carson township, 
rock has been quarried in several places from some beds of 
limestone, . whose weathered and eroded edges barely come 
into view. The land where quarrying is cR.rried on at present 
belongs to Mr. David Snapp. 
SECTION SEEN IN DAVID SNAPP'S QUARRY. 
6. Hard, strong gray limestone with wany frequent frag-
ments of brachiopods and crinoid stems and contain-
tng Spirifer cameratus, Productus nebraskellsis, 
FEET. 
Athyris subtilita (large) and some Bryozoa . ....... ' 6. 
5. Indurated gt'ay shale.... .. . ..... .... . . ....... . . . .... .7 
4. Dark, soft limestone of rather fine and uniform text-
ure, but varying in color from gray to black, con-
taining Prod,ltctus nebl askensis, P. costatus, Cholletes 
glabra, Amboc(1!lia planocolLvexa . . . . . . . . . . . . . . . . . .. 1. 
3. Shale ••... _.. ..... ........ . ...... .................... .5 
2. Impure, fine grained, soft, and dark limedtone. ... . . .5 
1. Greenish gray shale, exposed.. . . . .. .. . . . . . . ... . .. 2. 
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The same ledges have been quarried half a mile farther 
north (Schreinert's old quarry), but the bank is now covered 
with debris and the rock could not be found in place. In 
some loose fragments of yellow limestone Ohonetes qmnuli-
fera, Aviculopecten carboniferus, P)'oWuctus nebraskensis, Ambo-
cmlia planoconvexa, and spines of an Archceocidalris were noted. 
In the town of Carson Mr. J. W. Everson was sinking a. 
well on the edge of the bluff north of Broadway street at the 
time of the author's visit. Bed rock ·was encountered at a 
depth of thirty feet. This consisted of limestone and shale 
as follows: 
SECTION IN J. W. EVERSON'S WELL AT CARSON. 
FEET. 
5. Limstone, with some chert.. .. . . ....... . .. . .... .... . 2. 
4. Gray shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 
3. Light colored shale... ... ...•.. . .. . ..•. . . . .. . ..•• .. . 2. 
2. Blue shale................... ...................... 2.5 
1. Bluish gray limestone, consisting of an indurated 
compact mass of minute particles of organic struct-
ure. Imbedded in this are many larger fragments , 
such as bits of bryozoan skeletons, shells and crin-
oid stems. The tlargest of these are usually sur-
rounded by an incrustation consisting of thin con-
centric layers of white structureless calcite. Occa-
sionally there are small grains of iron pyrites... . . .. 2{?) 
In the material taken out of this well were seen Fistuli-
pora nodulifera, Amboc(l3tia planoconvexa, 9honetes q?'anulife?'a, 
.Dm'bya C?'assa, Dielasma bovidens, Hvstedia mo?'moni, Produc-
tus cora, P. nebraskensis, P. pm'tenuis, Puqnax uta, and Seminula< 
arqentea. Most of these fossils. if not all, were from the 
shale above the lower limestone. 
In the north bank of the West Nishnabotna river about . 
twenty rods west of the center of ~eGtion 22, Macedonia town- , 
ship, there were seen some blocks of limestone and some . 
lumps of black shale which had . evidently not been far 
removed from their ledge. Probably . they were almost m 
situ in the bed of the stream at that pl,ace. 
/ 
\ 
\ 
/ 
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The localities enumerated above include an known 
exposures of the country rock in the valley 0 ': the West 
Nishnabotna in this county. From this river westward the 
drift is less deeply eroded, and no more rock is seen until we 
approach the Missouri river. On the left bank of Mosquito 
creek, near the center of the west line of Sec. 21, Tp. 75 N., 
R. XLIII W., there are some excavations which were made in 
quarrying limestone many years ago. The strata are not 
now well exposed and no quarrying has been done for many 
years. In White's report* the rock is described as consist-
ing of about seven feet of limestone with marly partings. 
Some of the upper layers are said to have been flinty. From 
specimens picked up on the '3ite of the quarry it appears that 
the limestone at this place is of two kinds. One chip con-
sisted of indurated, calcareous, fragmental rock of fine 
texture, in which the fragments are largely composed of some 
organic structure. These are more or less rounded by tritu-
ration, and are sometimes surrounded by a thin accretive 
crust of structureless calcite, and then resemble incipient 
oolitic grains. These minute fragments are buried in a struc-
turless and opaque cementing matrix of the same composi-
tion. A considerable number of the organic particles consist 
of small, unbroken fusulinas, which seldom have a diameter 
of more than one-half of a millimeter. The other type of 
limestone represented in the fragments likewise had a clastic, 
compact structure, in which larger fragments of shells and 
joints of crinoid stems are firmly imbedded in a copious ma-
trix composed mostly of very minute calcareous particles. 
Both of these phases may be said to resemble t.he fine coral 
.sand of the ocean, excepting that most of the fragments are 
perhaps not from corals but from other organisms, and that 
,the sand has been thoroughly solidified in a hard matrix, 
which was laid down with the sand or which may have been 
introduced later by percolating water. The two phases of 
-Geology of Iowa, C. A. White , 1870, vol. I , p. 379. 
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the rock described above differ mainly in the perfection of 
the sorting of the fragments. 
In the Se. i of Sec. 27, and in the Ne. i of Sec. 34, Cres-
cent township, beds of limestone and shale are almost ' con-
tinuously seen at the base of the bluffs of the Missouri river 
for a distance of three-fourths of a mile, rising about twenty 
feet above the plane of the adjacent bottom land. Some 
quarrying was done at this place several years ago and the 
exposures show a succession of beds nearly twenty feet in 
thickness. 
GENERAL SECTION IN SEC TJONS 27 AND 34, CRESCENT TOWNSHIP. 
5. Yellowish and gray limestone in ledges from six 
inches to one foot in thickness, compact near the 
base, occasionally brecciated, and at times having 
a finely oolitic texture. A polished specimen 
of this rock is seen to consist of rounded and 
incrusted calcal'eous fragments imbedded in a mat-
rix of almost transparent crystalline calcite. The 
fragments are of different sizes. Some have a 
diameter of nearly a millimeter, and these are 
mingled with others of about one-fifth that diame-
ter. Most appear elliptical in section. Some of 
the large fragments have a nucleus with a struct· 
ure like II. fragment of Sticlopora. A few still 
larger fragments were pieces of small shells. This 
specimen also exhibits several small, crooked joints 
or fissure veins filled with pure cr,Vstalline calcite. 
Another specimen appeared to the unaided eye as 
an ordinary compact gray limestone, but was seen, 
under a lens, to be fragmental, consisting largely 
of small fusulinas, some of which were surrounded 
by a thin calcareous crust. These, together with 
finer fragmental material, were imbedded iu a 
structureless calcareous matrix. Occasionally the 
fragments were welded togetber as if by partial 
solution and redeposition of this substance. Minute 
crevices and veins were abundant everywhere, 
filled with crystalline calcite. There were also fre-
quent plain evidences of small faulting and brec-
FEET. 
ciation by fracture...... ..................... . ... 5 
4. Yellow shale .. . ............... .. ........ .. '. . . . . . . . .. 2 
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S. Yellowish gray limestone, with occasional fusulinas, 
compact in texture above but occasionally oolitic 
below, in some places quite soft. Contained AlIo-
FRIIT 
risma subcuneata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . 
2. Blue sbale with numerous fossils and occasional crys-
tals of selenite. The fossils observed were: Jiusu-
tina cylindrica (small size), ArchCl!ocidaris lriser-
rata, Eupachycrinus verrucosus , Erisocrinus typus, 
Fistulipora . nodutiiera , Rhombopora lopidoden-
droides, Chonetes granuliier, Meekella striatocos-
ta/a, Produclus cora, P. costatus, P. nebraskensis, 
Semimela argentea, Spiriier cameratus (large)..... 5 
1. A simple massive ledge of fine-grained oolitic lime-
stone, seen to contain a species of Cltenomya, Bake-
vellia illinoimses ( ?), and baving on its upper sur-
face partly imbedded, Azopltyllum rude, Lopho- · 
phyllum proliierttm, A tltyris subtilita, Productus 
cora, and frequent crinoid stems. In a thin sec-
tion of the rock in this ledge the oolitic spherules 
are seen to be imbedded in a transparent matrix of 
crystalline calcite. They average about one-fourth 
of a millimeter and barely fall below tbe limit of 
ready recognition to the unaided eye. The macro-
scopic aspect of the rock is tbat of an ordinary flne 
gl'anular limestone. The rounded grains are 
usually elliptical in section and they sometimes 
have a crystalline, transparent nucleus. In other 
cases the nucleus is a minute organic fragment, 
such as a tiny bit of fusulina or of the joint of a 
crinoid stem. These nuclei are surrounded by an 
opaque crust of structureless calcite, about one-
fortieth of a millimeter in thickness. Exposed. . . . 3 
So far as the author is aware the localities above described 
include all exposures of the Upper Carboniferous rocks in the 
county. Some of the wells have penetrated these beds below 
the ledges exposed to a depth of from twenty to nearly 200 feet. 
The descriptions of the strata explored in these wells is found 
in the table of wells on a subsequent page, under Nos. 1,5,6, 
23, 30, 32, 38, 41, and 57. By referring to this table it will be 
seen that the strata thus explored consist in the main of shale 
with some ledges of limestone. At Carson and Macedonia a 
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thin seam of coal was found at a depth of some 120 feet below 
the limestone in the quarries, and some 930 fep,t above sea· 
level. Near Minden a like seam was encountered at about 
990 feet above the sea level. This was overlain by a few feet. 
of hard, fragmental limestone and then sixty feet of shale, 
after which followed some hard chert-bearing rock. The 
Avoca wells encountered limestone almost on a level with the 
quarries farther south, and this was succeeded below by about. 
seventy feet of shale. Combining these records with the 
known exposures around Macedonia and Car&on we can con-
struct a section of about 150 feet of the Missourian in the 
West N~shnabotna valley, in this county. This general section 
is as follows: 
GENERAL SECTION OF THE MISSOURIAN IN THE VICINITY OF MACEDONIA . 
FEET. 
10. Cherty limestone with many producti. . . . . . . . . . . . .. 4 
9. Shale............................. ..... ......... . 1.5 
8. Blue, hard limestone.. .... . ........... ............ 1.5 
7. Shale, marly and fossiliferous above............... 5 
6. Limestone, characterized by abundant fusulinas 
and a large nodular Fistulipora nodulifera....... 8 
5. Shale (thickness unknown). .. . . . . . . ... . . .... . . .. 5('0 
4. Hlack, fissile, carbonaceous shale, with a fauna in-
cluding several corals.......... ................. 3 
3. Soft limestone, with a fauna characterized by a large 
proportion of lamellibranchs.... . ... . . . . . . . . .. 2(?) 
2. Shale, with some layers of soft limestone in the 
upper part and probably some limestone farthest 
down ...... . .... , . ...... ..... .. . ................ 120 
1. A thin seam of coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
001'l'elations.-The observations made in this survey verify 
the conclusions of previous observers in this region to the 
effect that all of the Coal Measure rocks exposed belong to 
the Missourian stage (see table of fossils). It may further be 
stated that the rocks in the general West Nishnabotna section 
are the equivalents of the beds exposed in Stennett's quarry 
in Montgomery county. Even the individual beds in 'the two 
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sections can be correlated with certainty. The Stennett quar-
ries were examined by the author, in company with Dr. Calvin, 
and the following parallel between the two localities was eas-
ily made out. 
GENERAL SECTION NEAR MACEDONIA. SECTION AT STEN NE T T'S QUARRY. * 
No. 10 same as .. . . ... .. . ... ... . . . ... . ....... . ....... No 10 
,- {)" . ..... . . .. . . . .. . . .. .... . .. . ...... . . . . " 9 
" 
., " 
" " 
8 
7 
c. 8 
" 7 
" 6 " " ... .. . . ... . . . . . .. . . . .. . . .. .. . ... 1, 2, 3, 4, 0, 6 
The relation between the ledges exposed near the Missouri 
river and those of the Macedonia section is not quite so clear. 
White's statementt that the Mosquito creek quarries were in 
th e same ledges as those exposed in the bluff south of Cres-
cent, is corroborated by the observation on the lithological 
character of the ledges. At both places there is an oolitic 
limestone of fine texture. But there are no exposures which 
enable us to connect this Missouri river section with that made 
out for the country to the east. It cannot be established with 
certainty whether the limestone at Crescent is an equivalent 
of that seen in the valley of the West Nishnabotna, or if it is 
not, whether it underlies or overlies the latter. Still, there is 
some reason to think that it is hi.gher up in the section than 
this. 
In his " Report on the Palreontology of Eastern Nebraska" 
Prof. F. B. Meek has given the record of a deep boring at 
Omaha, extending four hundred feet below the surface.:!: Num-
ber 2 in this section is "doubtless the rock quarried below the 
city." From his description of the rock in this quarry (p.86) 
it is quite evident that it is identical with the ledges near 
Crescent. The record of the Omaha well shows that there 
is another limestone, with carbonaceous material below, at a 
depth of about seventy-four feet. This is followed by a hun-
'Lonsdale , Iowa Geol. Surv . , vol. IV. , p . 392. 
tSee Geology of Iowa, vol. I , p . 379. 
j:Final Report of t he U. S. Geologica l Survey of Ne braska, F. V. Halden. Wash ington, 1872, p 87. 
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~red feet of shale, under which there is another limestone 
with some shale and a thin seam of coal. This makes a suc-
-cession of beds quite like that in the general section at Mace-
donia. Meek's number 22 in the Omaha well seems to corres-
pond to our number 1, his number 13-21 to our number 2 
and 3, his number 12 to our number 4, and his number 10 to 
our number 6. If this correlation be correct the Crescent 
limestone would lie about fifty feet above the quarry rock at 
Macedonia and Carson. In sinking the piers of the Union 
Pacific railroad bridge at Omaha a limestone was found at 
depths averaging seventy feet below the river. This is no 
doubt Meek's number 10. It should be the quarry ledges 
at Macedonia, if. our interpretation as given above is correct. 
It is to be noted also in this connection that of the twenty 
fossils observed near Crescent, eight forms are different from 
those found near Carson and Macedonia. 
In Page county Dr. Calvin has found that the horizon of 
the Nodaway coal is 120 feet below the Stennett quarry beds. 
'The carbonaceous shale and coal at the same depths at Mace-
donia and Carson probably represent the same horizon in 
P ottawattamie county. 
Foraminifers-
FU"lI lilla cylindrica Fischer. ...... .... .. . .... .. t t t t t t. . .. . . t . . 
Antkozoans-
Alltopor~. sp ........ .. ...... .. .......... .... . ...... .. .. .. t too .. .. .. .. 
Axophyllum rude While & St. J ............. .... .. .. ...... .... .... 1f .. 
Campophyllulll torquium Owen.... . . . . . . . . .. . . .. . . .. .. . . t t ....... . . . 
Loppophyllum profulldum E. & H . . . . . . .. . . .. . . t t.... t t t.. t.. t .. 
-Eckinoderms-
Al·c i>re'Jcidaris. . . . .. . .... . . .. . .. . ..... .. .. ... . . t.. . . .. t . .... . t ... . . . 
Arch re ,e idaris edgarensis Worth . & Mill ..... .. . . .. .. ..... . .. . ........ t 
Arch reocidaris triscrrata Meek.. .. .. .. .. ...... .. .. .. .... .. .. .. .. .. .. 1f .. 
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LIST O~' ~'OSSILS OBSI£RVI£D IN TDE MISSOUIUAN IN 
POTTAWATTAMIE COU NTY BY J . A. UDDI<:N. 
Echinoderms-Continued-
Arcl;oo.; c1l1uris (jaw plate). Sp ....... . 
Erieocrinus typus Meek & Worth .. . , .. " ., .. 
Eupachycrinus verrucosus White & St. J .... . 
H.vdreiocrinus mucrospinus McChesney ..... . 
Bryozoans-
Feutlstella shumardi Prout (?) ... ' . , . ... ..... . 
Fistulipora nodulifel'a Meek ......... ' .. .. " .. 
Pinnatopora, sp ........... '" .... , ...... .. .. ' 
Polypora Bubmarginata Meek ... . ..... , ..... . 
Rbombopora lepidodendroides Meek .... . ... . 
Brachiopods-
Ambucoelia planoconvexa Shumard .. , 
Chonetes glaber Geinitz ..................... . 
Chonetes granulifer Uwen ......... . .. , . . .... . 
D erbya crass a Meek & Heyden . . . . ......... ,. 
Dielasma bovidens Morton ............ .... . . . 
Hustedia mormoni Marpou ...... ........ .... . 
Martinia contracta Meek & Wortb ., . , . .... . . 
Meekella striato-costata Cox .......... , ..... . 
Product us cora D'Urbigny .... . ,. , ......... . , 
Prodnstns costatns Sowerby ...... ' .. . ' . ... , . , 
Prodnctus longispinns SoweJ'by . ....... . , ... ' 
Prodnctus n ebrasken~is Uwen . . ... .. ..... , .. . 
Produclns pfll'tenuis Meek .. ....... ... ... . ... . 
Pngnax uta Marcou ............. , ......... . . . 
Rbipid'mella pecosi Marcou ... . ..... , . ..... , 
Seminula argenlea Shepard ..... , ........... . 
Spiriftlr camerat us Morton, .. .... ' ... .. ..... . 
Spil'ifflrina keutuckiensis Shumard .......... . 
Lamellibranchs-
All orisma subcuneata MeeK & Hayden .. ... . . . 
A vicul opecten carbon iferus SI evens .... . , ... , 
Aviculopect(, n occidentalis Schnmard ...... . . 
Bakevellia i llinoiensis Worthen (? ) .. . , ..... . . 
Chenom.V !l, ~p ...... ...... . .. . , .. , ., . . .... . . . . 
Eclmondia, sp . .. ..... ....... , . .. .. , ......... , 
PInna peracuta Schumard . .. ....... .. ..... . , . 
Schizorlus wheeleri Swallow . . . , .... . ..... .. . . 
Gasteropods-
Belltlropbon carbon!lria Cox .. ... . . , ......... . 
Bellerophon crassus Meek & Worthen .. ' .... . 
St.I'aparollus calilloiojes Conrad ... . ..... , ... , . 
Vertebrates-
Tflript'i;:tis sflmicirculRris N . & W .. , ........ . 
.. t .... 
t .. 
t .. 
IT .. 
l' t 
IT t 
j' t.. l' . t t t 
t .... 
t t.. t .. 
ttt .... 
t l' t .. 
j' t .. .. 
t t .. .. 
t .. 
t, 
.. t t 
tttt .. t 
t .. t ........ 
tt .. ttt t 
t .. t .. t 
t.. t .. .. 
t .. t .. t .. .. 
t... t .. 
·r .. .. t .. t t .. 
.. t ... . ', t .... tt 
'r'r t .. .. t.. .. .. .. .. 
tt...... tttt .. 
t.. .... t .. t 
t ...... 'r .. t .... t .. .. 
, .. , .... t, .... " ...... . 
ttj, .... tt. t .. ttt 
'r.. t .. t t .. t t 
t .. t .... 
1' .. 
IT .. 
IT .. 
IT .. 
~ Species thus marked were observed in the Crescent q uar ri es on ly . 
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(Jeofp'aphical Oonditions.-The geographical conditions pre-
-vailing here at the time the Missourian deposits were made 
are indicated by the nature of the beds as well as by the 
imbedded fossils. The fauna is not littoral, but rather off-
:shore. Attached forms, such as can be safe only in the quiet 
depths of the sea, are well represented. The persistence of 
single ledge~ of limestone and thin beds of shale over dis-
tances of many miles, as shown in the Stennett and Macedonia 
-quarries, requires a uniformity of conditions which could not 
exist in the sea except at some distance from the shore. Os-
cillations of the land are indicated by the frequent changes 
from calcareous to clayey, to sandy, and to carbonaceous 
,deposits. The ocean bottom was probably still sinking when 
the uppermost beds of our section were made. 
Cretaceous, 
In time, the bottom of this Missourian sea was again ele-
vated and the land area was extended farther to the southwest. 
'This happened sometime during the Triassic or Jurassic age. 
The new land was promptly submitted to the action of destruc-
tive agencies, and much of it was again carried out into the 
'I'eceding sea, forming, perhaps, part of the Jura-Trias terranes 
of the southwest. Then this region was again submerged, 
and the sea advanced beyond it an unknown but considerable 
·distance to the north and east. Thus we find the old eroded 
land surface of the Missourian overlain by the littoral deposits 
of this new sea, 
The unconformability between the Carboniferous and Creta-
ceous systems is not seen at any place in this county, but it is 
well known that there is such an unconformabilityin other local-
ities. Evidence of its existence is, however, not entirely lack-
ing. In a well (see table of wells, number 57) in the south-east-
ern part of the coun ty the Carboniferous ril;,es to an elevation of 
1,130 feet above sea level, while in another well not far off, the 
Cretaceous sandstone stands at an elevation of 1,025 feet above 
~-------
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sea leveL This indicates a buried hill or ridge of the old land,. 
for in this region the Carboniferous strata are, to all appear-
ances, quite undisturbed and lie in an almost horizontal posi-
tion. 
The principal exposures of the Cretaceous are in the west 
bluffs of the Nishnabotna in the southeastern part of the 
county. Near the center of the north line of the Ne. i of 
Sec. 36, Wright township, the north bank of a ravine which 
F IG. 13. E xposure of Cre taceous clay with concretions of clay irons tone, north line of the Ne. 
j{ of Sec. 36, Wright township . Photo by J. L . Oakl ea f. 
comes down from the upland consists of a bluish gray clay or 
shale rising about thirty feet above the bed of the little 
stream. The top layer has a tinge of purple and red and along 
some seams of coarser texture it has a yellow color. The 
bedding is somewhat irregular. Some layers are sandy and 
these are in places partially indurated. Near the middle of the 
slope there is a dark carbonaceous streak. In this there were 
found some imprints of netted-veined leaves, which were 
coated with a thin film of carbonaceous material. Close by 
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there were also found imbedded small pieces of wood in the 
state of charcoal. At several points on the bank were a number 
of large concretions of siderite, varying from four inches to 
three feet in diameter and flat and irregular in shape. Their 
surface is red and oxidized to a, depth of half an inch, and 
their interior is frequently cut in different. directions by wide 
shrinkage cracks. The surface of these cracks is covered by 
a glistening, thin, brown coating of iron oxide. In some 
F IG. '4. Nishna botna sandstone in west bank of the ri ver on th e Ne . l:( of Sec. 36, Wright 
township. Photo by J. L. Oakleaf. 
instances they were found to be filled bv pure white crystal-
line calcite. Some slight exposures of this same clay occur 
along the wagon road which leads north from here. It 
evidently underlies a part of the high bottom which follows 
the foot of the bluffs in that direction. Some low, mound-
like elevations on this terrace appear to be made up of the 
same materia1. 
Along the west line of the same quarter of the same section 
(Ne. t, Sec. 36, Wright township) there is a long escarpment 
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of sandstone running nearly due north and south for more 
-than a quarter of a mile, facing the river, and forming its 
west bluff. At its greatest height it rises nearly fifty feet, 
measured from the lowest ledge seen in a vacated bed of the 
stream. This sandstone is of very uniform, flne texture, of a 
gray or pure white color and quite friable, so as to be readily 
·crushed in the hand. At its most northern exposure the 
FIG. IS. Change from sand below to clay above, in the Cretaceous deposits in the west bank 
of th e East Nishnabotna river, near the center of tbe north line of Sec. I , Waveland town-
ship. Photo by]. L . Oakleaf. 
whole thickness is almost a single ledge, though a thick 
stratum near the middle is obliquely bedded. 
Following the escarpment southward the sandstone was 
seen to be overlain by the clay described above. The top of 
the sandstone descends so as to be only about ten feet above 
the water in the river and gives place to the argillaceous 
stratum, which again appears, and is not far from thirty feet 
in thickness. Still farther south, near the center of the north 
line in Sec. 10f Waveland township, the sandstone is once 
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more exposed in the river, rising only five feet above the water. 
On top of it there rests forty feet of light gray clay or shale, 
in which there are also some seams of fine sand. 
The general section made out from these localities is as 
follows: 
GENERAL SECTION OF THE CRETACEOUS DEPOSITS IN THE WEST BLUFFS OF 
THE NISHNABOTNA. 
FEET. 
3. Grayish white or dark clay, weathering yellow and 
red, with occasional streaks of fine sand and of dark 
carbonaceous seams, and with concretionary lumps 
of siderite ......................................... 37 
2. Alternations of clay and fine sand....... ... ..... . ... 3 
1. Fine white or gray sandstone, of very uniform texture, 
and in part oblique bedded ...... ................. 42 
'rhe clay has not been observed at any other localities than 
those mentioned above. But two more outcrops of the sand-
stone were seen. One is eleven miles away to the southwest, 
and is in the right bank of a ravine a few rods east of the 
road bridge near the south corner of Sec. 28 of Grove town-
ship. Only a few square yards of the rock are in view, form-
ing a vertical wall, not more than five feet high, which is 
capped by the drift. It is a somewhat disintegrated, soft, 
fine yellow sandstone, with well marked oblique bedding. 
The other locality is to the north, not far from th.e south-
east corner of Sec. 1 of Wright township. Here a small trib-
utary of Indian creek has cut a deep valley heading westward. 
In the south bank of this ravine, not far from where it crosses 
the boundary of the county, there is a yellow sand with occa-
sional indurated layers and blocks of sandstone of a brown 
color. The exposures are unsatisfactory, but this sand is evi-
dently identical with a sand rock which appears a half mile 
farther east along the same creek and which consists of a 
moderatel.v coarse, and, in places, pebbly sandstone of vari-
able hardness and texture. It is a phase of the Nishnabotna 
sandstone. 
19 
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GeoqrctpMcal Distribution.-Sandstone and shale of similar 
character and maintaining the same relations to each other 
have been found overlying the Carboniferous in several wells 
in the eastern part of the county. East of Second or Gray-
bill creek in G)'ove and the south part of Center townships, 
well drillers report a soft sand rock under the drift almost 
always present on the uplands. It is reported to vary from 
white, through yellow, and brown, to bright red in color. It 
is usually soft, but occasionally there are some hard layers. 
It is mostly free from pebbles. On the uplands in Waveland 
and the southern part of Wright townships the same sand-
stone is also found in deep wells. In some places the clayey 
shale above the sandstone has been penetrated. (See table 
of wells, Nos. 55, 56, 58, 59, 60, 61, 62.) The sandstone has 
also been encountered in at least one well in Valley township 
(well No. 52, se(·tion ] 2) and it is reported as occurring under 
the bottom land in the valley of the West Nishnabotna in 
section 35 in Macedoni.a township (well No. 33). At other 
placEs the deep wells usually go into the shales and limestone 
of the Carboniferous system directly from the drift clays. 
On the ' east sitle of the West Nishnabotna, from Oakland 
south, the drift contains a rather large amount of Cretaceous 
material. Fragments of the clay ironstone concretions from 
the clayey shale are frequent near this place. They can be 
distinguished from similar material of the Missourian by their 
texture and more fresh appearance. Two bowlders of Creta-
ceous rock were also observed and were identified by their 
fossils. Near Macedonia Dr. G. L. Stempel several years ago 
obtained a fragment of an Ammonite which also appears to 
have come from the drift (well No. 37). 
Positive evidence of Cretaceous deposits under the drift is 
limited to the territory east of the West Nishnabotna. At 
Walnut and at Avoca it is absent, as also -in some wells in 
Wright township. West of the West Nishnabotna there is 
evidence from several wells (Nos. 1, 4,5, 15, 16,19, 20, 21, 24, 
25, 34, 40, 44) that it is absent, and doubtful evidence of its 
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presence in one instance. This is from the records of a well 
made near the northeast corner of Sec. 22 of Norwalk town-
ship. Here the drill is said to have gone through 150 feet of 
"white shale or chalk" under fifty feet of drift (well No. 48). 
Below this there was limestone. This white material may 
have been a part of the Cretaceous formation, though it seems 
doubtful that such a high outlier of a loose rock should have 
withstood the action of the ice which deposited the drift. In 
any case, there seems to be no doubt that Cretaceous beds are 
absent from the greater part of the area comprising the west-
ern two thirds of the county. 
001'relations.-Dr. C. A. White, who first described the sand-
stone in WrIght and Waveland townships, * called it the Nish-
nabotna sandstone and referred it to the Cretaceous age. 
Later Dr. Calvin showed that the sandstones in western Iowa, 
which overlie the Paleozoic rocks, are to be correlated more 
particularly with the Dakota formation of the Cretaceous 
system. t Sandstones and shales, with similar relations, in 
Woodbury, Carroll, Plymouth and Guthrie counties have been 
referred by Bain to the same stage.:!: Prof. F. A. Wilder§ has 
lately described the Cretaceous in Lyon and Sioux counties 
and Lonsdale described several out-crops of the same beds in 
Montgomery county. II 
While there is considerable variety in the lithological char-
acter of these beds in different localities, there is 'no reason 
to doubt the correctness of the conclusion that all represent 
the same group, the Dakota. The deposits vary in coarseness 
from conglomerates to fine clay. In Pottawattamie county 
the conglomerate may perhaps b~ present, but it is not 
exposed. The lowermost sandstone exposed was seen to con-
tain a few small scattered pebbles not exceeding half an inch 
in diameter. In a lot of twenty such pebbles different mate-
rials were represented, as follows: 
'Geologyof lo\\'a, White, \ 01 II, p. II. 
tAm. Geo logis t. \'01. IT, p. 300. 
tlowa Geol. ~urv., vol. V, p. 267; vol. VII, pp. 1-~5; vol. IX , p. 73; \'01. \ ' llT, p. 329. 
§lowa Geol. Sur\, .. vol. X , p. 108, 1900. 
II Iowa Geol. :3url'., vol. IV, p. 412. 
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CHARACTER OF PEBB LES IN THE DAKOTA SAN DSTONE IN POTTA\vATT:\~llE 
COUNTY. 
Porous wbite cbert .... .. ... . ....... .... ....... 75 per ceut. 
Yellow quarfz ......... .. ............ . .......... 10 pAr cent. 
Quartzite . ... ... .. ...... .. ..................... 10 per cent. 
Yellow cbert ............ ..... ...... . .......... , 5 per cen t. 
'.!,'he chert pebbles which predominate resemble the weath-
ered chert from the Palreozoic limestone, and these consti-
tute the greater part of the Dakota conglomerates elsewhere 
in the state. The sandstone itself is rather more uniform in 
composition than in other localities. The mechanical com-
ponents of three samples from the principal exposure and 
representing the lower, the middle, and the upper ledges, are 
as follows: 
~ " 6 ;,< .~ 0. ~"" 0. ZA ;:'0 );jz ~:>:.i ~:z< "'~ 0;; O"':Z< 0", ~rz, ~;'::O ~"" 
o:.j ~~F-< O
DIAMETER IN MILLIMETERS. l'iIo.'" 1'1f-'~ :l:.:z >-<o:I A >-<~O c."':> II< .Z ~-<f-' -<~ ~~~ ::;"100 "'c.., 
-< ~ 
'" '" 
if) 
PER C~;NT. PER C ~;NT . PER C~:NT 
4-2 n . II' 
-- ------
2-1 .1 t r. 
I-t 10.6 I r . .3 
----
t- t ]2.7 :2.3 2;;.3 
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t - t ~3.9 \1.'j.8 72.1 
i-I·Hi 2.6 1.0 2.0 
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In its general facies the sandstone at this place is quite 
unlike the Dakota, for it is free from the infiltrated oxide of 
iron which elsewhere cements the deposits into a more solid 
mass. Here we find it to have a pure white or gray color and 
very slight coherence. But in its upper part, where it runs 
into clay, there are hard layers with yellow as well as brown 
colors, and it contains concretionary, ferruginous nodules, 
like those which characterize the Dakota sandstone on the 
plains. Some are spherical, some dumb·bell shaped, and some 
quite irregular in form. The clay is evidently also to be 
referred to the Dakota. It is in places arenaceous, it is not 
calcareous, and it contains imprints of leaves of dicotyledon-
ous plants. Its large siderite concretions are remarkably 
like the siderite ore in the Potomac shales of the Atlantic 
slope. In its general appearance, its color, and in containing 
bits of black charcoal it resembles a shale which the author 
has seen in Dakota sandstone in Ellsworth county, Kansas. 
Oonditions of DeJJositivn.--The conditions under which 
these deposits were made are well known from observations 
of geologists at other localities. * They are littoral accumu-
lations laid down in an advancing sea. This conclusion :finds 
corroboration in this county also. In the very base of the 
sandstone, round balls of clay from one to three inches in 
diameter were observed, evidently rolled by the currents 
which brought the sand. A clay like that in these balls was 
resting on the sand. Evidently the sand was being trans-
ported by subaqueous currents which eroded and redeposited 
its own sediments over and over again. This sifting gradu-
ally left the sand behind, and made it quite free from :finer 
sediments which were kept in suspension in the more turbu-
lent waters and only settled in quiet land-locked waters or at 
greater depths farther out in the sea. At one place the upper 
layers of the sand, which are interbedded with the overlying 
shale, appeared as if they had been disturbed. They were 
broken into lumps which had been separated and tilted and 
* See previous references . 
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had the interspaces filled with the clay. There was almost 
a breccia of soft sandstone and clay. If the deposition was 
rapid such a breaking up of sandy layers in the clay might 
have resulted from pressure of the superincumbent mater~al 
while all of the sediments were quite soft. Littoral depo-
sition hs always comparatively rapid. 
The Cretaceous sea must have advanced a considerable 
distance to the east of Pottawattamie county, for there are 
outlers of its sediments a hundred miles distant in that direc-
tion. There is no doubt that they once had a considerable 
development and covered the underlying Carboniferous rocks 
everywhere in this region with a depth of at least two or three 
hundred feet. 
Tertiary Erosion. 
The bottom of the Cretaceous sea was finally elevated and 
formed an extensive inland plain, and there is no good evidence 
that this region has since been submerged. This plain was sub-
mitted to long-continued and extensive erosion, by which most 
of the Cretaceous deposits in this county were removed. These 
conditions no doubt prevailed during the greater part of the 
Tertiary age. It gave the land a low relief, which now lies 
concealed under the drift. For a knowledge of this relief our 
main reliance is the records of explorations made in deep wells. 
There have been collected for this survey data from sixty-four 
wells in the county and these are given in a separate table. 
In thirty-five instances the country rock was reached. The 
extreme differences in the elevation of the old land surface as 
revealed in these records, is less than three hundred feet. 
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WELL RECORDS IN POTTAWATTAMIE COUNTY*. 
NO. LOCATION AND OWNE R SITUATION 
-
1 INear the school house I Lower 
in Oakville. edge of 
bluff. 
2 Ilsaac Killion , in SW'IU~ land . 
cor. Sec. 6. 
Belknap TowlIsllip. 
'" 0'; 
1=" i 
<'" >u f-< .. 
.... 
'" ;0 Q 
Q 
'" .. ... 
MATERIALS PE~ETRATED . o~ u 
"0 ~" 
90 ILoess, 10 feet; bowlder clay with gra vel'I"o6o 
6a feet; sand and grovel, 5 feet; S'oft 
blue clay which caved in, 15 feet . 
I
Loess, 60 It; bowlder clay, 9a ft. NOll. 15a-" 
water . 
IJ. Q. McPh errin, ~ of Sec. 5. Ne.IHigh u PJ1"3301 land. 37a IYeliOW clay. 45 It; yell ow and !>Iue "hard-I 96a-pan" and clay, 323 ft; sand , 2 ft. 
5 Henry Gittins, near Upland 
center S. line , Sec. slope 
34· 
6 IJohn "chroeder, centerlLowland. 
E. hne of Sec. 30. 
I
J. Sch roede r , Ne. J(iUpland. 
Sec. 3a. I 
I
james Driver, Sw. Cor.IUlJland. 
Sec. 21. 
9l
carson
. 
I 
Back of 
bluff. 
bluff. 
l
Edge of 
10 IEXPloring shaft near l Bas~ of 
rIver ~ mile S. of bluff . 
Carson. 
II Ise. cor . Sec. 2, Tp, 74
i
Blutf. 
N.,R . 40 W . I 
3a2 
I 
Loess and bowlder clav. 121 .ft; ShaI YII.a69 
limestone, 10 ft; hard, flinty rock, 6 ft ; 
soft , white limestone or shale, with 
some blue lim estone. 155 ft. 
Boomer T07J.'1T.sltip. 
, "'j 188 Yellaw loess. 4a ft.; red loess, 8a ft.; yellow sand , S ft.; blue clay. 20 ft.; a little sand; "red hardpan" 8 ft.; then 
white limestone , with shale and coal 
near bottam, 35 ft. 
120 iRock at about I2a ft. 
I 
180 IStopped in rock. 
in the well. 
Seam of och re foundl 
1.0'7 
1
"230[un- [Loess 70 feet. 
known 
Carson TowJ/ship. 
65 IBrown or reddish loess 40 ft., "jointII"ao . 
clay" 25 ft. 
41 IDrift 30 ft., decaved li mes tone 1 ft . '1 , .060 
blue shale with fossils 8 feet., blue 
hmestone 2 ft. 
146 lLoess 10 ft., bowlder clay 16 ft .. blaCkl"046 
shale 4 ft., hard shale or limestone 80 
ft., shale 28 ft. , black shale 2 ft. 
l35 ILnes 35 ft ., gumbo and bowl ' er clay l00l l ,03I 
It., g ra vel at bottom. 
*.-\ minus s ign after the figures signifies elevation abo"e sea level to which drift was pen etrated 
without e ncollntering bed rock. 
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CeJ/ter! T07.vJlsldp. 
I 19.;1 
N0' ILOC.-\TIOX AND OW NER SITUATION ~; DEPTH. l\lATER I ALS PEr-ETRATED. 
13 ~1. )1,,1Ien. ",e. X' Upland . 
Sec. l. 
14 I \\'m . \\,h)~ne}" Sw. li !UPland. 
of ~w. , 4' ::>ec. 2~. 
1; 1\\" T. Sapp. near cen- luPland. 
tcr Sec. 6. 
16 E. Ddlon, cen ter N. !lll creek. 
I
line, Ne . 14 :--ec. 9 
Tp. 75N., R. 43W. 
17 !J. \\'. Smi th, ~w. X'.!UPland. 
:Oec. I,Tp. 7\"'.,1<.. 
H \\'. 
,8 IJohn _Hardin~ c=-I 
o[ E. lI ne . Ser. 32. 
19 Se. lot, Sec. 29. 
20 General section given 
IHigh I"Pland. 
Upland. 
h,' E. A. Archibald. 
well maker 
21 J H. Gregg-. ~e. li Upland. 
::::'ec. 33· 
22 IEli j • ]-1055, ,near ce n-IUPland. 
ter ~ line :"'::ec. 11. 
'1 ~: I C;;C 
1,340 
100 IA1I drift. 
156 Loess, ye1l0w and blue bowlder cia' witb 
some sand to within 10 It. 01 bottom. 
t,I84 
the n bl ue silt aod quicksa nd with snail 
she lls, some 9 It., th e!! gravell It. 
246 !Loess 40 [t.. bowlder clay 70 ft., some!I.024 
salldy clay 75 rt., g- ray, sort. sticky cia) 
50 ft., some g-ra\'ei in bottom. 
GaT/IeI' l'07C'IISIIij;. 
2Ro 
I 
Loess 275 It. 
5 [t. 
! Rock at 30 rt. 
200 !AII drift. 
th eo salld and 
bel IV surface 
C,.Oi.'C Towns/lip. 
I .. 1501 t?1 98 lorirt 68 [t .. so It sand rock 30 ft. F 
--------------~--
H"oel Dell 7inul/s/iip. 
1,.230 
! I 
I 1,3001 
I 
2R6 koess. yellow. 130 It., red, simila r ma 1,,014 
I terial 50 ft .. blue clay withou t pebbles l or ~ravel, 94 It.. sand II [t . , hard red 
I cia) 1 ft. 1 
IY, 1I0W clay from 40 to 80 ft.; red clayl 
from 20 to 100 ft.. yellow sand I to]O 
[t .. blue day from 2 to 130 [t., ligbt I rolored sand from, to 2J; tb en "bare-I 
pan" or sh .. Ie too har to bore with 
I auger. Under this there is rock. I 
300 Yello" clay and darker 200 ft., then 
alterna ting blue clay with sand abo ut 
100 ft , tben red shale and limesto ne 
[,000 
at bottom . 
220 1.111 drift with g ral'el and sand at bot-lt,030-
rom . 
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Kelf Creek T07("Jlslii/,. 
XO' ILOCATION AND'OWNER SITUATION. MATERIALS PENETRATED. 
23 ITheo. Stortenbecker,ISlope 
Ne ~ Sec. 13. I 
24 Hafer's lumbe r ya rd,IBottom. 
Council Bluffs. 
~Ic. F. Anderson. on N·lln creek. 
line of Sec. 19 . 
26 :,\ oca water works, fi\'{' Low. 
_I' veils 
\'alnut town water~ Low uJ> 
works. land. 
29 fCh r is <;i monson, cen. IU pland. 
,er:-< . line Sec. '5. 
~f)lI mpliries P. O. 
31 I ['own 01 Macedonia 
32 I;.;ea r center W. lineiBnttom 
I Sec . ."l5. land. 
10' 
l.qo '70 
1,2S-," 300 
1·~Il · drift. : 
I
Allul"illm 10 ft., 
geesl (I) 3 ft. 
blue clay 88 ft . , redl 909 
Limestone in bottom. 
I
L oess. bowlder clay and gravel. ROCki"COO 
at 5; feet. 
Yellow si lt 26 ft. , sand and gravel 10 ft., 
blue bowlder clay S4 ft" limestone 
with blue shale below 80 ft. 1:5am pIe 
01 shale blown up by dyna mit e seen 
byauthoL) 
1,050 
'Loess and gumbo 100 It, blue bowlder 984 
elay 65 It., gravel 3 ft., blu e bowlder 
clay 35 ft.. red st icky clav with 
bowlders 90 ft., fine white sand 6 f t. , 
limestone. 
I
Loess and gumbo 100 It., blue bowlder
l
l 97 5 
cia), 180 ft., salt. white clay, 20 ft, 
limestone at bottom. 
ILoess and gumbu 100 It., hlue bowlder 1,103 
cia v 100 It .. some sand, tough blue clay 
with small pebbles 50 ft ',' "lIite peb· 
blel ss clay 30 ft .. hard. flinty rock 40 
ft .. softer rock 60 It .. red , very hard 
fra~n1ental rock. 7 it .. white, water 
bea ring rock, black shale Ie It. 
Lewis T07A'llship. 
42 1·\11 loess. 
11IacedoJlia T07.{'JI,I'/Jij;. 
1
1
.
150
1 IDrift 60 ft. ) limestone and shale 45 ft. II, c90 
II, 
054
1 
25 Isand sto ne at bott o m. 11,029 
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lI-lacedonia TowJls/zip-Colltillued. 
L. 
0'; 
NO. LOCATION AND OWNER SITUATION. 
f:~ 
~U 
"'''' ~O 
33 I A. Anderson, Ne. J{ Graybill 
Sec. 2\. I bottom. 1,, 0801 
I 
34 
01 Sw. J{ of SeC. 17, INear center 01 S. line lln a ravine' lnoo ?! 
Tp. 40 N., R. 74 W. 
35 10. F . Wilson , cen terlLow up - I" 1501 Sec. ,6. lana. 
36 NearcenterN.lineSec 
23 · 
37 l:'Jacedonia, cent.r 011 
village. 
i 
... 
'" 
'" 0 
30 
30 
lI8 
100 
.:) 
'" = 
) IATERIALS PE~ETR"TED. 
'&. ,; 
C(j 
0. 0 
2~ 
IShale in bottom. II ,e so 
IAII drift , limestone at bo tt om . i l 'Oi~ 
1.\11 drilt. 11.032 -
Loess. tben bowlder clay with manr ',,06; 
bowlders down to rock at bottnm. An 
ammonite was lound , probably in a 
bo\vlder in lower part 01 thi s well. I 
95 IDrift'6e It . . limestone 10 ft. , some seams ' l , 065 
of shale and hard lim es tone and then 
some black shale . I . 
Minden T ownship. 
38 !w . White, S. line sec.!c reCk 
7. bottom. 
39 1 r own water works. ITerrace . 
40 IHor;:!;C'e Everett. n e~r l 
ce nter N. l,neSec.5 . 
80 IBowld er clay Irom 35 ft. be low sur-I,.020-
tace to 79 It. , then sand 
7,!Loessy allu vium 35 It. , sand .and grav.I I" '2:>-
5 It , bowlder clay , blue, ,8 ft. , sand 
2 It. 
l
urift 300 ft , tben lim estone and shal p I 
Coal seam near 400 It . below surhce. 
Neola To,v1ISlIip 
41 IH . S. Watkins, Se . J{IUP lancl It ' 250i 140 I Loess and gum bo 90 It.: black bOWlderi I, tlO-S<C. 17. s lope. cl ay 2\ It.: red. peb bleless clay becom· 
ing white and harder below. 25 ft, 
42 I) no Lane, Sw. J{ , Sec. 1 1' ,3001 '20 iROCk or large bowlder at bottom. i"'!Iv ? 22. 
43 INeola, town well !Lom ter I" 1e61 48 I Loess about 35 ft. , the n sand and I t. o;~-race. gravel. 
44 IH. Dowli ng . near SW' IUPland 
/" 2
75
/ 
198 ILoess 20 It . , sand and bowlder clay 1301"c89 
cor. Sec , 7 . slope . It. . blue clay 40 It.. white sand 6 It " 1 
red clay or soapstone 2 ft. 
45 IJ . o'Brit,n, center S.\ Hi gh up -l l, 3001 
line Sec. 28. land . 
146 I Loess 60 It., bowlder cJa~' 65 ft ., 
white clay,s It. No water. 
soft, 1,15 4 
I 
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N eoia TOfltlK.f/tijJ-Contillllcd. 
z 0 
~: OJ i " <" ... ~~ NO. LOCATION AND OWNER SITU ATION. >u 0. MATERIALS PE:> ETRATED. W", .. 
"'0 ~o ::l g'" 
~6 Ic' Green, center N./LOW II , )701 100 ISOil and bowlder clay 70 ft., light, st ickyl 1,070-
line Sec. 10. ground. clay, without pebbles , 30 ft. 1 
--~----------~----~--~--~~--
47 [L. P. Wilkinson, nearl Upland. 1) , 2301 150 IAII drift . 1 1' 0~0-
center E. line Sec. 23'1 
}.(, Sec. 22. diV ide. ~8IH~race Everett, Ne' IUPland 
'~9 \M. I-lannh'an , near sw.\ 
cor. Sec. 18. 
50 IJerry L ewis , Se. co r./U ~lal1d. 
Sec. 14. 
51 [Ch.S. :VlcKinney, ).( Sec. 12. ·w. !UPland. 
Ija mes Watts, I 52 near, Upland. 
HalJcock. 
53 1'<e. co r . Sec. 29. 
51 /WIIl . Clark, Sw. 
Sec. 35 . 
55 Ic ent e r S. line Sec. 19./U Pl a nd . 
56 IL. Boughman , Nw . }.(I Lower Sec. 13. slove of 
blutf. 
57 /G ra nt Pierson Sec. 2. jUPland 
Non""L/'; TowllsliijJ. 
210 'ILoess and bowlder clay 50 ft. ,clear Whitel 
" shale or chalk" 100 It. , then lime-
stone. 
250 Isand in bottom of well, I 980-
SiLver a,uk TOWIl SlLijJ, 
260 \Loess 80 ft., pebb ly cl ay 80 It. , blue l 990-
bowlder clay 100 It . 
Valley TowJlsltip. 
11,300 
I 188 /Lness a nd gumbo 120 II., soft sand rOCk]!. 120 
b~ It. 
/" 210/ 
250 / Blue shale at 2S0 ft. 
I 
995 
1,230 131 Loess ~o ft .. with snail shells below . !.099-
Bowlde r clay 90 It . This changes 
from ye ll ow ' to bille color several 
tim es. 
130 IAII drift. 
11 '"veL"n" low11shijJ. 
1
'
,
230
1 
1I5 / Drift 100 It. , red a nd hard sandstone IS/I' lIS 
ft. 
I" 
170
1 
120 I Drift 100 It. , sa ndsto ne 20 ft . 
1
1
,070 
I" 
240
1 
2~2 [Loess 20 It .. bowlder clay 120 ft ., lime.!l, 110 
stone and shale 100. I 
248 GEOLOGY OF POTTAWATTAMIE COUNTY. 
f;f/a,,'elaud T O"i.l'lIs/J.ijJ- CO lltillllcd. 
z 
:2i 
,-'" 
:.:" 
Q 
'" 
'" ... 
NO. LOCAT ION AN D OW:\'E R S ITUATI ON . :;.. U 1\IATERIALS PENETRATED. 0" U 
58 11 \V. Hpmps tead , se. 11 U Pl,nd 
l« Sec 20. slope. 
59 Ic' C Neely, Ne . l« !UP land. 
Sec. 20. I 
60 I Ely Clayton, Kw. 
Sec. 2 
61 ISe. cor. Sec. 35. 
I 
62 110h n Black , Ne 
35· 
)1 1 Hi j! h up-
la nd . 
IUPland . 
Sec. 21. 63 11. L. Graham, Sw.cor IUPla nd . 
6~ IKtar ce nte r \\'. linel uPl and. 
_ec. 23. 
~~ "-0 ~o: 
!DO Isa ndsto lle in bo ttom. I" 170 
120 ILoess and bowlder clay. sandstone ll,'80 
below . 
I r'rig /lt Towns/up. 
l OO ILoess and howlder clay 90 It. . white clrlyl'· 230 
10 ft., th en sa nd . 
238 I Loe's 65 It , bowlder clay 125 ft., thenl" 073 
solt sandstone to bottom . 
1 
Loess 70 ft., bowlder clay '30 It .. th cnl, ,070 
so me sa ndstone. Depth not known. 
140 IL oess 40 It , "j!ral'el clay" 15 It" I" 170-bow lde r clay with a middl e layer 01 
sand to th e boltom. 
100 ILoess and bowlde r clay . 11,220-
The Pleistocene. 
There seems to have been an almost level plain with here 
and there low swells capped by Cretaceous sandstone (see 
map, plate VI), such as are now seen skirting the edge of the 
Dakota in Kansas, though probably somewhat more subdued. 
The present elevation of this buried plain averages one thou-
sand and twenty feet above sea level. 
During the Pleistocene age this plain was overrun by an 
extensive continental ice field from the north, which covered 
it with debris, mostly bowlder clay, to a depth of from fifty 
to two hundred feet. Later there was an accumulation of 
loess on all the uplands. The latest of all deposits are mate-
rials composing the alluvial plains of the present drainage. 
IOIVA GEOLOG ICAL SURVEY . PLATE VI. 
GEOLOGICAL MAP OF POTTAWATTAMIE COUNTY 
Al s o s hows th e eie\' <l t i o l1 of bed roc k above sea le vel . U ncolored a rea is 1\1 i ssollrian. Gree n areas are Cre tace ous. 
Figure s with a lllin lla s ign ind icat e that bed rock doe s n ot come u p to th e leve l g ive n . 
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Ante-Glacial Silt and Sand.-Near the center of section 33 
of Lewis township, the base of the bluff is seen to consist of 
a fine gray sand overlain by a blue clay, which is separated 
from the loess above by a sharply defined line. This section 
is given below: 
FEET. 
1. Loess...................................... 3. 
2. Laminated, very tough, fine blue calcareous clay, 
with occasional pebbles alld cobbles of chert, and 
with a few calcareous concretions .. . , . ... . . . . . . .. S. 
3. Fine gray san d, with irre~ular lentils of a finer white 
material, and with some fiat calcareous concre· 
tious ... . . ... .. ....... . . .. ..... .. . . . ...... . .... . 2. 
About one-fourth of a mile farther west the same beds 
appear again in the same situation. But at this place there 
is some bowlder clay between them and the loe~s, and the 
blue clay is again oyerlain by sand. At the south end of the 
exposure there is a 'straight joint which runs obliquely down 
across the ends of the strata and sharply separates them from 
the loess, which appears to have slid down along the joint. 
FEET. 
4. Loess (coming down across the ends of the numbers 
below). ...... . . .. ..... . . . ...... . ... .. .... . . . .. . 5. 
3. Yellow bowlder clay . . . . . . . . .. .. . . . ... . . . . . . . . . . . .. . 1. 
2. Gray sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 
1. Blue , tough, fine, l~min>it9d, calcareous clay. ........ 5. 
Some traces of the same beds appear under the bluffs 
about two miles to the north, and again at Henton, in Mills 
county, four miles south. At the latter place a part of the 
clay is of a chocolate color, and some of it is disturbed, evi-
dently by the action of the ice which deposited the overlying 
bowlder clay. A clay having the same relation to the drift 
has been reported by Todd in the Missouri bluffs, near Pacific 
Junction':<-. 
Tough blue and red clays, with occasional pebbles, have 
also been noted in several wells in the county (see wells, 
No~. 27) 28, 29, 45, 49: 60). . 
' The Moraines o[ Southeaste rn South Dakota and Their Attendant Deposits . Bulletin 'S8, U. S. 
Geol Surv. p. 8q. 
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The occurrence of occasional Archean pebbles in these 
sands and clays, and their calcareous nature, relegate at least 
part of them to the drHt deposits. They apparently bear 
the same relation to the till in this region as some similar 
deposits which the author has described in Muscatine county 
on the Mississippi river*. They are in all probability sands 
and silts that accumulated in slack water lakes and ponds in 
front of the advancing ice field which brought the till. 
The Bowlde1' Olay.-The average thickness of the bowlder 
clay on the uplands is estimated at one hundred and forty 
feet. Separate estimates based on field notes and well 
records for the several townships and averages for the ranges 
running north and south give the following figures: 
Average Thickness [or Ranges. A verage Thickness for Towns/tips. 
Range 38 ................. 132 feet. Township 77 .............. 180 feet. 
" 3!.l ................... 180·' 76 ............. IUO " 
" 
40 ........•.....•. ... 127 " 75 ............... 137 ., 
" 41 . .... ............. 193 " 74 ............... 101 " 
42 .. . ............... 160 •• 
43 ................... 116 " 
44 ..... ... •. . ...•.•.. 30 " 
These figures show that the bowlder clay is heaviest along 
the divides between tbe principal streams and that there is a 
rapid thinning as we approach the Missouri river. They also 
indicate a gradual general thinning from north to south. 
The thinning along the principal streams is no doubt chiefly 
due to the erosion which the bowlder clay has suffered, but 
the difference between the north and south part of the area 
is more likely due to the difference in the original amount of 
drift laid down. 
The bowlder clay in this county resembles, in all respects, 
that found in other parts of the north central states. Bowl-
ders, pebbles, gravel and sand are imbedded in a tough, fine, 
and calcareous groundmass of clay. Good exposures are not 
frequent. The deepest section is seen opposite Honey Creek 
" Iowa Geological SUfI'ey, \'01. IX , p. 328. 
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lake~ in Sec. 2, Tp. 76 N., R. XLIV W. At this place excavations 
made in the bluffs for the railroad have laid bare the bowJder 
clay to a depth of nearly fifty feet. The lower part of the 
section shows a dark, and in many places almost black till, 
which is somewhat tough and uniformly fine textured. Bitu-
mino~s black films were occasionally noticeable on exposed 
surfaces,. and at one point there were small crystals of selen-
ite which evidently had formed in situ. About twenty feet 
above the level of the road-bed irregular and large pockets of 
sand were seen. Above these there was twenty feet more of 
till. This was somewhat harder and had a gray color, which 
turned into yellow near the surface. From this point all the 
way to the north boundary of the county bowlder clay is 
often seen in the base of the bluff, and fresh deep exposures 
show a dark till like that seen at the base near Honey creek. 
The same may be said with regard to that part of the Mis-
souri bluffs which extend from the north line of Kane town-
ship northward to within two miles of the village of Cres-
cent. In most places all along these bluffs gravel and sand 
overlie the till and separate it from the superincumbent loess. 
Another quite deep exposure of the till was observed near 
the center of the west line of the Sw. i of Sec. 3 of Grove town-
ship. Jordan creek is there cutting into its left bank, which 
is sixty feet high. This is composed mostly of bowlder clay, 
which is dark blue below and changes to yellow above. 
Occasionally, as near a creek west of Minden, and also near 
Avoca, the dark bowlder clay is seen to be cut by wide leached 
joints, above which it is partly oxidized and yellow. Very 
frequently there are calcareous concretions and pockets 6f 
white calcareous flour in the upper yellow till. This is par-
ticularly frequent along the leached and discolored joints. 
Compared with the till alone the Mississippi there has 
been less leaching of the surface under the loess in this 
region. .The till here is frequently calcareous up to the base 
of the loess, and at times has a remarkably fresh aspect. 
While in the vicinity of the Mississippi the Kansan till is 
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thoroughly leached under the loess, so that its limestone and 
dolomite, and even its diabase pebbles may be wholly 
removed from the upper four or five feet of the till: it is sel-
dom that some limestone pebbles are not present at the very 
top of the bowlder clay in this county. The clay itself is 
usually calcareous to within two or three feet of the surface, 
and quite often up to the very top. In some places there has 
even been an accumulation of calcareous material in the 
upper part of the till in the form of concretions and pockets 
of flour-like calcite, as already stated. 
Whether the tm found in this county represents the depos-
its of one or more ice incursions, is a question which cannot 
be settled from the evidence at hand. In the exposures 
which the author has seen there is nothing to indicate that 
there is more than one drift sheet, unless it be a single 
obscure instance in a railroad cut in the Se. t of Sec. 13 of 
Layton township, where a leached drift seems to be overlain 
by a few feet of yellow calcareous bowlder clay. From some 
wells the makers report red bowlder clay lying under blue 
till. This may indica~e a weathered surface of an older drift 
sheet, but it may also be explained as due to changes brought 
about by percolating ground water, following lines of easy 
penetration. 
Some evidence bearing on the question of the single or 
multiple origin of the till in this region was sought in a some-
what extended series of examinations of the erratics of the 
bowlder clay. Thirty-six samples of one hundred pebbles 
each were obtained from different places in the county and 
£i'om different levels in the drift. Ten of these samples were 
from the lower part of the bowlder clay, not far above the 
underlying bed rock; sixteen samples were taken farther up 
from the base of the till, but not near its upper surface; and 
ten were taken from that part of the unleached till which lies 
next under the loess. These pebbles measured about one-third 
of an inch in diameter, and were collected in such a way as 
to make them represent the different kinds of rock in the 
PEBBLES OF THE DRIFT. 253 
relative numerical abundance in which they occur in the 
drift. Averaging the proportions for each kind in the three 
groups, from the lower, the middle, and the upper part of the 
drift, it appears that the admixture of the different varieties 
of rock in the three groups is very much alike. 
TABLE SHOWING THE AVERAGE PER CENT OF DTFFERENT KINDS OF ROCKS REP-
RESENTED AMONG PEBBLES ABOUT ONE-THIRD OF AN INCH IN DIAMETER IN 
THE BOWLDER C LAY OF POTTAWATTAMIE COUNTY. 
KINDS OF ROCKS. 
Quartz.. ...................... ............... 4.0 3.6 4.2 
Granite. . . ................. . .... ..... . . ........ 14.6 13.2 12.7 
Greenstone ...... . . . ................. ....... 2 \J 3.9 4.6 
Hornblenderock ............................. 1.5 .9 .7 
Schists.... ................. ............. .. . .. . 1.2 1.0 .8 
Syenite...... .............. ................... .1.2 
Slate.. ..... .......... ...... ........... .. ..... ........ .4 .3 
J aspilite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ...... . ... .... ....... .2 
Magnetite.... ..... ... . ........................ ... ..... .1 
lJiabase.. ............ ...... ... .... ............. 12.8 16.3 19.8 
Keweenawan eruptive....... . .... . .. .... . .... .2 .4 .3 
Epidote.................................... ... . .1 
Porphyritic eruptive.. . . .. . . . . . ... . . . . . . . . . . . . .1 ........... . 
Quartzite . ....... .. . .......................... 2.6 1.5 2 .2 
Sioux quartzite................ ..... ...... .. . .. 1.5 2.9 2.6 
Dolomite....... ... .... ..... . .... ...... .. ..... 6.7 2.7 3.1 
Chert............... ................... ... 5.7 6.7 6.3 
Limestone................. ..... ............. . 3L .6 35. I 35.8 
Shale ........... .. : .. ........... . .... .. ... ... 2.6 .5 .3 
Pyrites. .. .............. . .... ..... .. ....... . . . .8 .2 
Clay ironstone ............ . . . .. . ... .. . .. . ... .9 2. \J 1.1 
Sandstone............ ................. ... .. .2 .4 .3 
Niobrara.............. . .. . .................. 5.3 2.3 1 6 
Benton............................... . .... .... 3.9 4.3 2.4 
Buhrstone (?) . ...... .. . .............. .. ....... . .2 .2 .2 
Silicifip,ri wood...... . . . . . . .. . .. .. . . . .. .. . .... . . .1 ..... . .... . . . .. . 
., 
..Q 
3.\:1 
13 .5 
3 .8 
1.0 
1.0 
.1 
.2 
.1 
t,· 
16.3 
.3 
tr. 
tr. 
2.1 
2.3 
4.2 
6.2 
34.'2 
1.1 
.3 
1.6 
.3 
3.1 
3.5 
.2 
tr. 
It will be seen from this table of averages that there is no 
marked difference between the pebbles of the deeper drift and 
those of the upper drift. There is a slight increase of granite 
and of hornblende rock, schists, dolomite, and Niobrara shale 
toward the base of the drift, and a slight decrease in the same 
direction of greenstone, diabase, limestone, syenite, and slate. 
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But this difference is altogether too insignificant to be re-
garded as necessarily indicating a difference in origin of the 
upper and tbe lower parts of the till. Negative evidence is, 
however, of little value on this point, for if there have been 
separate ice incursions here these may have come so nearly from 
the same direction each time that the erra,tics of the resulting 
deposits would be the same in each case. 
The dark blue bowlder clay seen in deep exposures is in all 
probability identical with the so-called pre-Kansan drift of the 
south and southpastern part of the state. It resembles the 
latter in its field appearance, color, toughness, structure, and 
position, resting as it does on the bed rock. Even the decayed 
vegetation, which is so characteristic of the pre-Kansan else-
where, is not lacking here, though it is less abundant. The 
ice sheet which deposited the Kansan drift, possibly never 
extended as far west as this region. If the yellow till which 
is seen in the more superficial exposures is not merely a 
modified form of the lower and darker till, it may prove to 
belong to the Iowan age. * 
Valley Drift Gravel.-In the bluffs bordering the larger 
stream valleys the till is often capped by more or less gravel 
and sand. Nearly all of the sand and gravel pits which have 
been worked in the county be long to this class. These 
deposits are evidently of glacial origin, for in some places 
they are seen to be ' interbedded with lentils abd layers of 
bowlder clay, or overlain by the same. The greatest develop-
ment of glacial gravel and sand is under the loess along the 
bluffs of the Missouri river, especially north of Kane town-
ship. They frequently reach a thickness of t.wenty to thirty 
feet, and have in many places been cemented into a solid 
mortar rock by percolating calcareous water which drains 
through this open stratum from the uplands back of the river. 
Along the West Nishnabotna these gravels have a much 
smaller development, but present the same characters. Some 
'See the Moraines of Soutbeastern Soutb Dakota and tbeir attendant deposits, J. E. Todd, 
Bull. IS8, U. S. G . S. 
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are seen about fifty or sixty feet above the flood plain in the 
west bluff three miles south of Avoca. 
Without wishing to express it as a mature conclusion, the 
author is inclined to the view that these deposits represent 
the work of the present streams at a time when their course 
was first marked out on the stagnant ice field which brought 
the underlying bowlder clay. These streams may then have 
followed open valleys or extensive tunnels in the ice. In 
either case there would be opportunity for the ice to float out 
and deposit some till with the stream gravel. Another 
feature of these deposits, not mentioned above, is the pres-
ence, in some places, of sharply and clearly cut joints and 
faults that follow numerous straight and intersecting plains 
in the gravel and sand. Such faulting could hardly have 
taken place in this unconsolidated and heterogeneous material 
unless it was frozen at the time. A conspicuous instance of 
complex faulting of this kind was observed in a gravel pit 
just south of Loveland station. 
The Gumbo 01' R ed Olay. Many well diggers report what 
they call a "red clay" as resting on the till of the uplands. 
It is said to be as much as forty feet in thickness, but may be 
much less than this, or it may be entirely absent. They 
usually describe it as being without pebbles. In the north 
part of the county there is often a brownish-colored, tough, 
silt-like deposit associated with the upper surface of the till 
and lying under the loess. It is more sticky and clayey in its 
physical aspects than the latter and resembles the gumbo 
described by Leverett in the Mississippi region. Sometimes 
it is gray in color and quite like the loess, but it is always 
more impervious to water than that formation. More often 
it resembles what is usually called a joint clay, breaking up 
when dying into a number of small angular fragments. In 
some places it changes downward into bowlder clay and at 
other places it seems to be continuous upward with the loess. 
In the former case it frequently contains drift pebbles. Even 
when resembling the loess, it is seen to contain an occasional 
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small pebble. Everywhere it is thoroughly leached and free 
from calcareous material, giving no response to acid. In one 
instance it was seen to contain small globular concretions of 
impure manganese oxide, like those found in the gumbo and 
the white clay in Illinois. In its mechanical composition it 
usually resembles the loess quite closely, so that more than 
ninety-five per cent may be said to consist of loess . This will 
be clear from the following table of analyses: 
TABLE SHOWING PERCENTAGES OF MATERIALS OF DIFFERENT GRADES OF COARSENESS IN SAMPLES OF LOESS AND OF GUMBO. 
GUMBO. LOESS. AVERAGES . 
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Excepting the samples which evidently consist of leached 
bowlder clay (Nos. 1, 2, and 3), the main difference between 
the loess and the gumbo is the presence, in the latter, of small 
pebbles and sand, and of about one or two per cent of exceed-
ingly fine particles measuring less than one two-hundred-and 
fifty-sixths of a millimeter in diameter. The latter consists 
largely of oxide of iron, and it is evidently this ingredient 
which renders the deposit comparatively sticky and imper-
vious to water. A dry lump when moistened absorbs the 
liquid and swells up visibly. 
Natural exposures of the gumbo occur mostly in the creek 
valleys, and it is not always possible to distinguish it from the 
loess, into which it apparently frequently graduates. When 
it is laid bare and exposed to the action of erosive agencies, 
the fine sand which it contains is apt to be left behind on the 
surface in white streaks along the rills, and this sometimes 
gives it a characteristic appearance. At other times its 
presence is indicated by the growth of some small Scirpus or 
other plants..requiring moist ground. 
It would be premature at the present time to express any 
opinion as to the origin of this deposit. Probably it is mostly 
an old loess, which has been clogged up by interstitial deposi-
tion of fine ferrugiuous material through the agency of the 
ground water. Perhaps it is in part a ' fluviatile deposit, made 
at a time of semi-stagnant drainage, or possibly it is of varied 
origin, being in some places a surface wash, or a disintegra-
tion product derived from the underlying bowlder clay, and at 
other places a modified upland loess, or a river sUt. On some 
low uplands, which border the West Nishnabotna valley north-
west of Macedonia, the loess quite closely resembles the 
gumbo. Much more extensive observations will be needed to 
make out the full history of the gumbo. So far as the author 
knows it contains no fossils in this county. 
The Loess.-The loess is the latest and uppermost deposit 
on the uplands. It consists of dust, or silt, of very uniform 
texture, sixty per cent of its bulk being made up of particles 
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which have a diameter ranging from one-sixteenth to one-
thirty-second of a millimeter, and less than two per cent of 
its bulk consisting of fragments having a diameter exceeding 
one-eighth, or coming short of one one-hundred-and-twenty-
eighth of a millimeter (see table page 257). It is therefore open 
and porous to percolating water. It usually breaks along 
vertical fractures, and it seldom, if ever, shows any traces of 
bedding planes. It is usually grayish yellow in color. In 
this county there is an imperceptably gradual general change 
in color from slightly more yellow in the east to more gray 
towards the Missouri river. Local exceptions to this general 
rule are found, however. Parallel with this change there is 
also a slight change in texture, the yellow loess being a trifle 
finer and less open than the gray loess in the Missouri river 
bluffs. Calcareous material is usually, but not always, absent 
from the upper part of the deposit. In this area the base of 
the loess is sometimes calcareous on the hillsides, as if the lime 
were left by water escaping by evaporation along the moist band 
on top of the bowlder clay, or the gumbo. It may either be dis-
seminated throughout the mass of the loess, or collected into 
nodules or concretions, or it may impregnate a layer or zone 
so as to render it slightly harder than the loess above and 
below. This harder layer is occasionally seen in the base of 
the formation, along the Missouri river. The carbonate of 
lime is here present in small acicular crystals, barely visible 
when magnified two hundred diameters. The concretions or 
"clay dogs" vary very much in size, from that of a small 
grain to masses three feet in diameter. Some of the latter 
are seen two miles north of Council Bluffs. When the calca-
reous material is evenly disseminated throughout the mass, it 
probably never was disturbed by the ground water and con-
sists of the original calcareous grains laid down with the 
siliceous bulk of the deposit. 
The loess covers the uplands everywhere. On the steepest 
slopes it runs out and the bowlder clay or the gumbo comes 
into view below it, but slopes of less than four or five degrees 
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from the horizontal hardly ever show the till. Its thickness 
varies in the same general way as its color and texture, being 
greatest in the west and least to the east, and changing rap-
idly within short distances. As a rule it is heavier along the 
upland divides than along the smaller streams. The average 
greatest thickness in the east half of the county is probably 
£fty feet, but it is frequently less than forty feet. In the 
Missouri river bluffs it is seldom less than seventy or eighty 
feet, and it is occasionally as much as 150 or 200 feet in thick-
ness, according to the reports of the well makers. 
Just north of the village of Loveland, Boyer river has 
lately sapped the bluffs and there is a bare escarpment show-
ing about ninety feet of loess resting on bowlder clay. The 
lower half of this loess is pebbly, and appears a little more 
yellow than the upper part, in which no pebbles could be 
found. The two are separated by a dark band in which some 
bits of charcoal were noticed. All of this loess is calcare-
ous, and contains frequent fossil snail shells. It is possible 
that the lower, darker division corresponds to the gumbo in 
other localities, but it differs from that formation in having 
the open texture of the loess and many calcareous concre-
tions of large size. 
The fossil remains which have been found in the loess in 
this county are, as elsewhere, those of land animals and land 
vegetation. Peat and wood have been found in the base of 
the loess in some wells near Carson. Peaty material was 
observed by the author in the same situation in the railroad 
excavation near the west line of Sec. 13, Layton township. 
Fragments of wood were also observed in the clay pit of the 
brickyard at Avoca, and in the loess at Weston. The bones 
of an elephant are reported to have been found on Sec. 34, in 
Washington township, apparently in the loess. The horn cores 
of a Bis(m latifr'ons* bave been dug out of a well in the loess, at 
a depth of fourteen feet, not far from the quarter post of the 
• Seen and identified by the writer. 
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east line of Sec. 28, James township. * At Council Bluffs an 
Ovibos cavifrons was found twelve feet below the surface in 
the loess at a point 130 feet above the river. t In tunnelling 
the cellars into the loess hills back of Conrad Geisse's old 
brewery, on Upper Broadway in the same city, it is claimed 
that a grooved stone ax was taken out from under thirty feet 
of loess and forty feet from the entrance of the cellar exca-
vation. The ax has an adhering incrustation of calcareous 
material on one side, evidently deposited by ground water. 
The loess at this place has possibly been disturbed by creep-
ing or by rain wash, but its appearance suggests nothing of 
the kind. It is quite typical loess for this region. The ax 
was discovered by the workmen engaged in excavating the 
cellar and immediately shown to Engineer Robert F. Rain, 
who superintended the work, and who still has possession of it. 
The invertebrate fossils of the loess consist of some small 
terrestrial mollusks, with a few aquatic forms. It is significant 
that the latter species occur farthest away from the larger 
streams, on the divides least affected by erosion, in situations 
which at an earlier date must have had poor drainage and 
which have probably been the sites of small ponds. Thirteen 
small collections of these fossils were made at as many differen t 
points in the county. These were submitted to Professor B. 
Shimek, of Iowa City, who has kindly identified t he species 
represented. His report, with interpretations of the features 
of the fauna observed, is here given in full, and will prove 
interesting on account of its bearing on the origin of this 
formation: 
REPORT BY PROFESSOR B. ' HIMEK ON THE LOES MOLLUSKS. 
1. Center of S. line of Se. )4, Sec. 18, Knox township. 
Helicina occulta, Say. 1 
"Measurements of these horn cores were taken by Mr . J . LeRoy Oakleaf as tallows: 
RIGHT CORE . LEFT CORE. 
Largest circumference . ...... . ........ 28.5 centim eters . 28.5 centimeters. 
L ength measured along inner curve ....... , ..... , ...... .. 30 29 ' 
Length measured along outer curve .. , '" .•. , . . . , ... ,. 37 36 
Depth of inner curvature. .. .. . ..... . .. .. . ...... S.9 5.2 
tAm . Jour. Sci . (3) XXXIV, pp. 217-220. 
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SucCi1tea avara, Say. 1.* 
S1tccinea, 7t 
Pyramidula striatella (Anth.), PHs. 2. 
Zonitoides shimeki; (Pils.), 1. 
2. New cut along lllinois Central railroad, just north of 
Council Bluffs . 
Helicina occulta, Say. 1. 
Succinea, 12. 
Pyramidula striatella (Anth.), Pils. 1. 
Pyramidula alternata ( ay .), Pils. 5. 
Vitraea i,tdentata (Say .), P.? Imperfect 1. 
Polygyra leai (Ward.), Pils. 2. 
Polygyra multilineata (Say.), Pils. 1. 
3. Railroad cut one-half mile east of Walnut, Iowa. 
Succinea avara. Say. 2. 
Sltccinea, 5. 
Pyramidula striatella (Anth.), Pils. 5. 
Zonitoides shimekii (Pils.), 1. 
Zonitoides arboreus (Say.), St. 5. 
Comtlus fulvns (Urap.). Mull. 1. 
Vertigo bollesiana. Morse (iI) 1. 
Polygyra multilineata (Say.), Pils. 1. 
Vallonia f(racilicosta, Reinh. 1. 
4. Bluff near Weston. Iowa. 
H elicina occulta, Say . I. 
Succinea avara, Say. 3. 
Sltccinea. 4. 
Pyramidula striatella (Anth.). Pils. 5. 
Zonitoides sltimekii (Pils .), l. 
Bifidaria pentodmz (Say.). St. 4. 
Vallonia gracilicosta. Reinh 5. 
5. Clay pit in brick yard at Avoca, Iowa. 
H elicina occulta. Say. 5. 
SucCi1tea avara. Say. 1. 
Succinea. 5. 
Pyramidula striatella (Anth.), Pils. 1. 
Zonitoides shimekii (Pils.). 2. 
Bifidaria pmtodon (Say.), St. 1. 
Polygyra multilineata (Say. ), Pils. 1. 
Vallonia IJracilicosta, Reinh 2. 
"These numbers indie"te number of specimens collected of each species . and are hence an index 
of the relative frequency of each species. 
t In all these lists Succi1lea includes S. obliqua Say. and S. /frosvC1Iorii Lea. At least no distinc-
tion is made between them here. because of the difficult y of separating the younger specimens. SGlta 
species, however, are quite common in the series. 
l-tEPORT ON THI<; LOESS MOLLUSKS. 
6. Neola, Iowa. 
S1tccinea avara, Say. 12. 
Succinea, 1. 
Pymmidula striatella (Anth.), Pils. 3. 
Zom/oides shimekii (Pils ), 3. 
Zottitoides arborelzs (Say.), st. 1. 
Bifidaria pmtodon (Say.), St. 4. 
7. Southeast corner of Sec. 14. Keg Creek township. 
Succinea avara, ~ay. 2. 
Succinea, 4. 
Pyramid1da striatella (Anth.), Pils.2. 
Zonitoides arboreus (Say.), St. 1. 
Polygym multitineata (Say), Pils. 1. 
Vallonia gracilicosta Reinh . 1. 
A small fragment of charred wood. 
8. Upper slope of low bluff in Carson, Iowa. 
Helicina occulta, ~ay. 5. 
Succillea aval'a, Say. 4. 
Succinea, 11. 
Pyramiduta striatella ( \nth. ). Pils. 6. 
L.onitoides sltililekii (Pils.) 2. 
Bifidaria pentondoft (Say.). st. I. 
Potygyra multitineata (Say.), Pils. 1, (and fragments). 
Vallotzia graciticosta, Reinh. 1. 
Sphyradiu11l edmhtlum alticola (In!!er ), Pils. 1. 
9. Light upper loess. railroad cut, one mile past of Walnut. 
Iowa. 
Succinea avara. Say. 7. 
Pyramidxtta striatella (Anth.), Pils.4. 
Conultts fulvltS (Drap.) Mlill. l. 
Bifidaria pelltodon (Say.), St. 3. 
Pupa 1Ituscorum. L. 2. 
Spltyradium edelltuta alticota (Inger. ) Pils 4. 
10. Lower part of loess in the high bluff just north of Love-
land. Iowa. 
Succinea. 3, imperfect. 
Helicodisws tiveatus (Say.), Morse. 1. 
Pyramidula altemata (Say. ). Pils. 1, fragment. 
Zonitoides arboreus (Say.), St . 1. 
Bifidaria armifera (Say.). St . 4. 
Pupa muscormn. L. 1. 
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11. Railroad cut in the divide three miles northwest of Avoca. Iowa. 
Succinea avara, Say. 9. 
Succinea. 3. 
Pyramidltta striatella (Anth.), St 7. 
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Connl1ts fttlVltS (Orap.), Miill. 2. 
Polygyra leai (Ward), Pils. 2. 
Polygyra mttltilineata (Say.), Pils. 3 f ragments. 
Vallonia gracilicosta, Reinh . 3. 
Bzfidaria ptmtodon (Say. ), St. 3. 
Pupa mnscormn L. (?) 1 broken. 
Limnaea lutmilis. Say. 2. 
12. Deep railroad cut in the divide west of Minden, fowa. 
H elicina occulta, Say. I . 
Succi1tea avara , Say. 2. 
Sltccinea, 2. 
Pyramidula si?-iatella (Anth.), Pils. 4. 
Polygyra leai (Ward) Pils. I . 
L imnaea hltmilis, 8ay. 1. 
13. Railroad cut in the divide two and one-half miles north· 
east of Minden. I owa . 
Helicilla ocwlta, Say. 18. 
Sltccillea avara. Say . 10. 
Sttccinea , 15. 
PY1'a1llid1tia striatella (Anth ), Pils. 17. 
Zonitoides shimekii (Pils.), 1. 
Polygyra 11tultilineata \Say), P Bs. 10 (mostly broken). 
Valtmlia gracilicosta, Reinh . 3. 
Limnaea cajJerata,. Say. 6. 
" In the proceedings of the Iowa Academy of Sciences for 
1898 I discusssed in detail the loess fossils of Council Bluffs. 
The foregoing sets of fossils from other localities in Potta-
wattamie county emphasize the peculiarities of distribution 
discussed in that paper. Of the thirty species therein dis-
cussed nineteen are included in the collections now submitted 
and but four species are with certainty added, none of them 
new to the loess of the west. The fossils from exposures 1 to 
9 inclusive are strictly terrestrial, and include two species not 
heretofore reported from the county, namely: Pupa mu,scorum 
Land Sphyradium edentulum alticola (Inger) Pils. The former 
is now extinct in Iowa and the latter is very rare. " 
" The collections from exposures 11, 12 and 13 differ from 
the preceding only in containing specimens of two species of 
fresh water pUlmonates. Limnaea humilis Say., and L. caper-
ata Say. N either of these species has heretofore been re-
r 
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ported from the county but both have been found in the loess 
of Iowa and Nebraska. Both species are now found com-
monly in Iowa, in shallow pools and ponds, the former often 
on mud-flats, and their bearing on the question of the condi-
tions under which loess was deposited has already been suf-
ficiently discussed."* 
"The collection as a whole adds emphatic evidence of the 
fact, no longer to be doubted, that the loess was not of sub-
aqueous origin. B. SHIMEK." 
TermCf and Alluv ium.--Opposite Oakland there is a terrace 
on the west side of the West Nishnabotna river, and some 
second bottom lands are also seen south of Avoca on the east 
side. These are remnants of an old flood plain which must 
have been some thirty feet higher than the present bottoms. 
They are covered with at least twenty feet of loess-like silt. 
A similar, but higher terrace, is seen occasionally along Mos-
quito creek, as below Neola. At the latter place loess, which 
forms the upper twenty feet of the material of the terrace, 
rests on stream sand and gravel, into which some wells have 
been sunk. Traces of a terrace are also seen on the East 
Nishnabotna, on Keg and Silver creeks, in the bluffs of the 
Missouri river, and along the lower courses of some of its 
small affiuents. The most conspicuous instance is in the 
south half of section 6, Kane township, south of Council 
Bluffs. At this place the upland north of Mosquito creek is 
prolonged southward into a terrace flat, which is about 
seventy feet higher than the bottom land. From a remnant of 
an old terrace north of Loveland, at the base of the Missouri 
river bluffs, just south of the north boundary of the county, 
the following fossils were taken and have been identified by 
Prof. Shimek: 
H elicilla occulia, Say. 2. 
S uccinea g rosvenorii, Lea, 10. 
H elicodisC1ts lineatus (Say.), Morse. 2. 
Pyramidula alierllata (Say. ), Pil s 1. 
'Shimek. P roc .. Iowa. Acad. Sci . vol. V. pp. 34.35. 
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Bifidaria llOlzi1tgeri (Sterhi.), 1. 
Leucoochella fallax (Say.) Try. 2. 
Potygyra leai (Ward) Pils. (?) a fragment. 
Ullio, fragment of a heavy shelled speciE's. 
Fragment of a bone. 
It is covered by a heavy deposit of loess. Evidence is 
wanting as to whether the making of these old flood plains 
was caused mainly by the former existence of a lower gradient, 
or merely by the over-loaded condition of the streams at an 
earlier period. Whichever is the case, most of the old filling 
of these valleys has been ('ut down by the present streams 
from thirty to seventy feet. 
The valley of the Missouri river has a filling about seventy 
feet deep under the present flood plain, and there is a similar 
filling in the upper part of the West Nishnabotna valley. 
The lower part of this filling usually consists of gravel and 
sand, and the upper part is mostly stream sand and silt. 
This is well shown in some records made by the chief engi-
neer, George S. Morrison, of the new Omaha bridge of the 
Union Pacific railroad at Council Bluffs, built in 1888. The 
five piers of the main bridge are two hundred and fifty feet 
apart, and beginning on the Council Bluffs side, the notes on 
the materials excavated for each one are as follows: 
TOTAL DEPTH. 
Pier A. Silt and sand. 51 feet; mud, 2 feet; sand and 
mud, 17 feet .. .............................. 70 
Pier B. Silt 30 feet; fine sand, 2 feet; tine sand with some 
Lrush and logs, 5 feet; tine sand, 37 feet ...... 76 
Pier C. Fine sand. 45 feet; gravel and sand, 7 feet; Coarse 
gravel Rnd sand, 8 feet; gravel, sand, and 
mud, 15 feet .......... . ..... . .... . ........... 75 
Pier D. Fine river sand, 53 feet; gravel, sand, and some 
clay, 12 feet .. .... ..... ... .. .. .. ....... .... .. 65 
Pier E. Fine river sand, 40 feet; coarse sand, very coarse 
gravel and occasional bowlders of limestone, 
18 fee\ .................... _ .................. 58 
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Some wells in the valleys of the smaller streams show that 
there is sand and gravel under the finer alluvium of these 
also (Nos. 27, 40, 44) . The alluvium now forming during 
floods and overflows, is in almost every case a fine silt. very 
much like the loess from which it is evidently derived. But 
it is frequently mingled with a large percentage of vegetable 
matter and humus, giving it a peaty consistency. In the 
smaller ramifications of the ravines it lies as a filling of con-
siderable depth, and is evidently a wash from the surround-
ing slopes, which has settled among the rank vegetation in 
the bottom of the draws. Before the land was tilled and 
drained many of these small bottoms were marshy. Since 
then, the streams have cut small channels through the 
marshes and drain the ground more promptly. 
Deformations. 
The few exposures of the bed rock which are found in this 
county show but slight indications of tilting or folding. At 
Macedonia the ledges in the quarries north of town are about 
thirty feet higher than they are along the river southwest of 
the village. This appears to be a minor local tilting. The 
difference of elevation of the main ledges at Carson and at 
Macedonia, a distance of about two miles, is less than this. 
There is, at any rate, a small dip to the south. If the correla-
tions between the rocks at Macedonia and those at Henton 
are correct, there is also a dip to the west, amounting to about 
120 feet in twenty miles, or about six feet to the mile. The 
general tilting is thus to the southwest, but whether it is more 
to the south or more to the west, cannot be determined with 
certainty. 
Joints. 
That the Paleozoic rocks have a slight dip to the southwest 
is indicated also by the main trend of the joints in the bed 
rock. The opportunities for observations on these are scarce, 
but the direction of thirty-two joints were taken, mainly at three 
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different localities. It is quite evident that these form two 
main sets, in one of which the joints have a general direction 
of about N. 20° W .. and the other of about N. 70° E. This 
also indicates that the direction of the dip is not due south-
west but must rather be a little more either to the south or to 
the west. The data secured on the direction of the joints are 
as follows: 
Table Showing Directions of Joints in the Country R ock in Pottawattamie 
COlmty. 
N. 74° .K 
N. 83° E. 
N. 31° E. 
N . 68° E. 
N. 48° E. 
N. 1° K 
N. 69° E. 
N. 69° E. 
N. 35° W . 
N. 17° W. 
N . H2° W . 
N. 33° W. 
IN THE VICINITY OF MACEDONIA. 
N . 52° W. 
N. 86° E. 
N. 611° E. 
N. 42° E. 
IN THE V1CINITY OF CARSON. 
N . 53" E. 
N . 15° W. 
N . 74° E. 
N. 14° W. 
ONE MILE SOUTHWEST OF CRESCENT . 
N . 70° E. 
N. 55° E. 
N. 30° W. 
N. 56° E. 
lee Seorings. 
N. 65° E. 
N. 13° E. 
N. 300 E. 
N. 800 E. 
N . 43° E. 
N . 3° W. 
N. 150 W. 
N. 25° W . 
N . 60° E . 
N. 80° E. 
At Hartson Bryan's old quarry in the Sw. t of Sec. 14, Tp. 
74N., R. XL W., the uppermost ledge is planed and scored on its 
upper surface. The planed surface is flat and the striae are 
very perfectly preserved except in a few places, where they 
have been etched away by surface water. Much of the scored 
rock has been removed by quarrying, but a great deal more of 
it is apparently left intact under the overlying bowlder clay. 
The direction of these striae is very nearly north and south, 
with minor variations, and correspond therefore with the 
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direction of the river valley. Three measurements gave S. 2° 
W., S. 2° W., S. 10° E. This locality is on the edge of the valley 
of the West Nishnabotna river, which here runs nearly south. 
There may have been a local deflection due to this valley, 
while the general direction of glacial motion more probably 
had a greater divergence to the southwest, as already set 
forth. 
ECONOMIC PRODUCTS. 
Building Stone. 
Building stone is scarce in this county. Mr. David Snapp 
has a small quarry in the base of the bluff north of the mill 
on the west side of the river, opposite Carson. About 300 
perch is taken out in a season. There is very heavy strip-
ping and only some four or five feet of rock. This is a lime-
stone, which has been considerably disintegrated in some 
places, while at others it is perfectly sound. There are two 
abandoned quarries half a mile north of this one. Mr. John 
Martin owns a quarry located in the Nw. 1 of the Nw. 1 of 
Sec. 23, Macedonia township, and about half a mile north of 
the village of the same name. Though the rock at this place 
is of good quality, the stripping is quite heavy and no rock 
has been taken out for some time. Hartson Bryan owns 
another quarry a short distance to the north, in the same 
ledges, but very little rock has been removed lately. Another 
old quarry is located along the north bank of the river, near 
the northwest corner of Sec. 27, in the same township. At 
this place considerable rock has been obtained but there is no 
work going on at the present time. The stripping is heavy. 
In the west end of the county there is some available rock 
under the bluffs of the Missouri river, a mile southwest of 
Crescent. It is a strong limestone, which will furnish good 
dimension stone, in blocks nearly two feet thick from one of 
the ledges. But the stripping rises to a hundred feet and 
most of the available rock has been used. Lime was for a 
long time burned at this place, but a few years ago this ceased 
21 
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to be pl-ofitable. Another old quarry, abandoned long ago, 
was in the north bank of Mosquito creek near the west quar-
ter post of Sec. 21, Tp. 75 N., R. XLIII W. From the fore-
going statement it will be seen that nearly all of the building 
stone used in this county is imported. 
Clay Industries. 
Since stone is so scarce, it is quite natural that there 
should be a good demand for brick. There are no less than 
eleven firms engaged in the manufacture of brick. Six of 
these are in the city of Council Bluffs. Macedonia, Avoca, 
Carson and Oakland each have one, and one yard has just 
been opened near the east line of the county, opposite Gris-
wold. The clay which is used is mostly loess. The manu-
facturers frequently have the practice of mixing some of the 
soil with the loess, in order to make the clay stronger. At 
Carson the same material has been used until recently, when 
alluvium, from the West Nishnabotna valley, mixed with 
sand, has been substituted. At Macedonia, at Oakland, and 
near Griswold, the clay now used is a disturbed and perhaps 
partly washed loess, which rests on alluvial deposits just 
below the upland bluffs. It merges downward into alluvial 
sand. At all three places this clay seems to be quite strong, 
owing, perhaps, to a slight admixture of some fine silty 
material. 
The brick makers in Council Bluffs have succeeded in 
making good paving brick from the loess clay. This is done 
by burning the product hard, until it is almost vitrified. 
It makes a very hard and quite strong brick of dark color 
outside, with usually a lighter core. It is found to be 
impracticable to burn the whole kiln as hard as this, and the 
paving brick is culled from the rest. Some of the brick is 
burned to a medium hardness, and this is occasionally 
selected and used for the construction of sidewalks. Some 
common soft red brick always remains, and tbis is sold for 
foundations and buildings. During the last ten years a large 
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amount of street paving has been done in this city and four-
fifths of the brick used, if not more, have been made at home. 
As the farm land in this region is well drained there is no 
great market for tile, and the only place where these are 
made at present is in the brickyard at Macedonia. 
----- -- -- --- - - -
SU~nIARY OF STATISTICS ON BRICK AND TILE IN POTTAWATTAMIE COUNTY. 
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Water Supply. 
Until recent years farmers on the uplands have quite gen-
erally depended on surface wells from twenty to fifty feet in 
depth. The water in such wells comes from the base of the 
loess, on top of the bowlder clay or of the gumbo. On the 
river bottoms, driven wells are in general use, and the water 
is drawn from the stream sand or gravel. Such wells hardly 
ever fail, if deep enough. But on the upland most farmers 
now draw water from the bowlder clay or from under this. 
The wells which derive their water from the till rely on such 
little seepage as there is in this formation. They are, there-
fore, usually made at least a foot in diameter and set with 
large tile. A good supply of water is all important as a fire 
protection in the small towns, and we find in most of them 
steam pumps with high tanks. The State School for the Deaf 
and Dumb is supplied from two artesian wells about 1,000 feet 
in depth. The water comes from the Des Moines sandstone, 
and at first had a head of sixty feet. An analysis of the 
water is as follows, according to Floyd Davis, chemist to the 
State Board of Health: 
PARTS PER 100,000. 
Silica and insol u ble resid ue. . . . .931 
Alumina and oxide of iron.. ... .211 
Bicarbonate of lime . ....... . .. 16.524 
Phosphate of magnesium . ... .. trace 
Bicarbonate of magnesium... 5.610 
Chloride of sodium ............ 12.865 
Sulphate of 8odium* ..... ' ... . 95.551 
Bicarbonate of sodium ....... .. 20.842 
Sulphate of potassium....... .. .8Z0 
Total ............. .. ... 153.354 
GRAINS PER GALLON. 
.543 
.123 
9.636 
trace 
3.272 
7.503 
55 .723 
12.155 
.478 
89.433 
At the shops of the Milwaukee railroad there is another-
artesian well of about the same depth. The old Geisse brewery 
also has an art,esian well sunk to the same formation. Its 
flow is at present quite small, owing to the condition of the. 
'Estimated as anh ydrous sul pha te 01 sodium . 
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casing, which is old and no doubt corroded. The water sup-
ply of the city of Council Bluffs comes from the Missouri river. 
As this water contains a great deal of silt it is pumped into 
a system of settling basins and retained while the sediment 
sinks. When ready to go into the mains the water is clear 
and pure. The following table contains the statistics of the 
public water works in Pottawattamie county. 
STATISTICS OF PUBLIC WATER WORKS IN POTTAWATTA~IIE COUNTY 
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Coal. 
Several explorations have been made to discover coal in 
this district. In the early days the county board even voted 
a bounty of $2,000 to anyone who should deliver the first coal 
from a mine in the county. So far coal has not been found in 
economic quantity, though some thin seams were encoun-
tered in borings at Carson, at Macedonia, and in some of the 
artesian Wf'lls. From what is known of the area, it may 
safely be inferred that coal will not be found in sufficient 
quantity for mining. Evidenc~ from other points in this part 
of the state corroborate this inference, and it is quite safe to 
predict that the bounty offered will never be claimed. 
Attempts in this direction will prove disappointing. 
Road Ballast. 
The black and almost peaty soil found on some of the 
lowest stretches on the flood plains has lately been used for 
making ballast for railroad beds. For this purpose the black 
muck, usually called gumbo, is taken up with steam power 
and mixed with coal, which is ignited. The whole mass is 
kept burning for weeks, and slowly changes to red cinders or 
clinkers. This is then hauled away and used on the road-
bed. Two suitable locations have been found and used for 
this purpose; one in Sees. 29 and 32 in Tp. 74 N., R. XLIV 
W., along the track of the C., B. & Q .. railroad, and one in 
Sec. 18, Tp. 76 N., R. XXXIX W., along the Carson branch 
of the C., R. 1. & P. railroad. 
Soils. 
The soil of Pottawattamie county does not differ essen-
tially from that of the surrounding region. The upland soil 
is loess, mixed with more or less humus and decayed vegeta-
tion. r.rhe principal crop is corn, but wheat, oats and other 
small grain are also planted. N ear the Missouri river some 
lands are too hilly for tilling, but make excellent pastures. The 
ACKNOW LEDGMENTS. 
flood plain of the Missouri is everywhere very fertile, but 
some parts are low and marshy and subject to inunda-
tions. Some have been drained and protected by levees. 
The valley of the West Nishnaootna is also good farming 
land. The wealth of the county is in its uniformly rich soil. 
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INTRODUCTION. 
SITUATION AND AHEA . 
The district mapped and described in the following report 
comprises an area twenty four miles square, situated nearly 
midway the state from north to south, and in the second tier 
of counties west of the Mississippi river. It is bounded on 
the north by Jones county, on the east by Clinton and Scott, 
on the south by Muscatine, and on the west by Johnson and 
Linn. It lies mainly in the doab between the Wapsipinicon 
and Cedar rivers. The former transects the northeast cornel' 
of the area. The latter, from which the county takes its 
name, crosse~ it from northwest to southeast; leaving five 
townships in part or whole on its right bank. 
PREVIOUS GEOLOGICAL WORK. 
Beyond the immediate valleys of the trunk streams men-
tioned, outcrops of the indurated rocks are infrequent. The 
topography of the county, with its drift plains and rolling 
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prairies, presented no salient features to attract the notice of 
the early students of physiographic geology. There is there-
fore no long list of scientific papers relating to this area. 
'J.lhe earliest geological survey within the limits of the county, 
that of David Dale Owen* in 1848 and 1849, the final report 
being published in 1852, records the presence of Silurian, 
Devonian, or Carboniferous strata at some nine different 
places in the county. In the survey of Hall and Whitneyt 
less than ten lines are allotted to the county, and these are 
references of a general nature to forest, prairie and soils. 
In the reports of Dr. C. A. Whitet no mention is made of 
Cedar county, except in certain analyses of peat, the whole 
attention of this survey being devoted to other regions of the 
state. 
Cedar county is included in the large area whose glacial 
geology is described by W J McGee in the Pleistocene His-
tory of Northeastern Iowa§. References to localities witbin 
the county will be found on pages 202, 218, 223, 341, 357, 404, 
407, 463. 
Thc present Survey has already recorded a number of fea-
tures in the geology of the county. Housed has written on 
the economic conditions of the lime and building stone indus-
tries, and Norton~r has noted the presence of Devonian and 
Carboniferous outliers and has described the geological sec-
tion of the Tipton deep well. 
Thus the geological work already done in the county is 
limited in amount and easily summarized. '.rbe indebtedness 
of the present investigation to it is comparatively slight. 
But it is impossible to place here on record the amount to 
which we are indebted to the geological work of the present 
Survey done elsewhere in the state. The mapping of strata, 
*Rep!. Geol. Sur. Wise., Iowa, and Minn., D. D. Owen, Philadelphia , ,852. 
tRep!. Geol. Sur. State of Iowa , Hall and Whitne y, Des Moines, 1858. 
~Rep!. Geol. Sur. State of Iowa, C. A. White, Des Moines, 1870. 
§ U. S. Geol. Sur. nth Ann. Rep!., Washington, ]890. 
II Iowa Geol. Sur. vol. I. pp. 199-207. 
'Tlbid, \'01. Ill , p. 121. 
~l lbid, vol. lIl, pp. '97- 200 and vol. VI , pp. 261-262 
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the description of deposits, and the elucidation of difficult prob-
lems in other counties afford a body of knowledge, experi-
ence, criteria and methods of attack of which we have 
availed ourselves to the utmost. The diagnostics, for exam-
ple, of the distinct ice invasion called the Iowan, which have 
been so fully worked out by Calvin in Johnson, Delaware, and 
other cOllnties, have been carried over into Cedar and 
applied to similar phenomena here; and, to mention a much 
less important instance, it would have been far more difficult 
to interpret the Devonian sectiun in Cedar were it not for the 
more extensive outcrops already studied in Linn. 
PHYSIOGRAPHY. 
RELIEF. 
A measure of only about 325 feet separates the highest 
from the lowest elevations in the county. The maximum 
height is attained in the northwestern part at somethmg 
over 960 feet , the minimum in the valley of the Cedar on the 
Muscatine county line at 635 A. T. Omitting from consid-
eration the trenches of the streams, this area of twenty-four 
miles square forms a fairly even surface which gradually 
rises towards the northwestern corner from an elevation of 
740 feet A. T. , at the southwest, 760 at the southeast, and 
860 feet at the northeastern corner. 
Slight as is this relief when compared with the mountains 
of Colorado, or the canyons of Arizona, it nevertheless com-
prises the various records of different geological agents act-
ing through times almost inconceivable in their length. It 
possesses, therefore, an historic interest which may equal 
that of the most stupendous scenery. The historic interest 
of an ancient documellt does not depend on the size of its 
letters, nor are the geological values of the landscapes in 
Cedar county lessened by the faintness of the characters III 
which their story is engraved. 
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. On the north lies a narrow plain which we shall know as 
. the Clinton lobe of the Iowan drift plain. This slopes east-
ward from a height of 900 feet A. T. near Lisbon, to 820 A. 
T. near Massillon. On the left bank of the Cedar a similar 
plain, which may be termed the Tipton lobe of the Iowan 
plain, stretches from the Linn county line to within a fraction 
of a mile of Tipton, with a maximum elevation of about 800 
feet A. T. With the exception of these lobes and an anoma-
lous area at Rochester where constructional contours prevail, 
the remainder of the county may be described as an upland, 
everywhere overlooking the Iowan plains, retaining in places, 
as near Sunbury, much of its initial level surface, but elsewhere 
worn by long rain wash and stream erosion to a gently undu-
lating prairie, as about ~ed Oak, or deeply carved into a 
maze of steep hills, as near Cedar Valley. This is termed 
the Kansan upland, and it will be more fully described under 
the head of the Kansan drift. It stands at 960 A. T., south 
of Mechanicsville, at 900 south of Stanwood, at 860 south of 
Clarence, and at 840 A. T. near L')wden. In Gower town-
ship its altitude is from 800 to 820, and it descends to 760 and 
740 in Springdale township, a descent of over 200 feet from 
the marginal hills overlooking the Clinton lobe of the Iowan 
drift plain. In Sugar creek township the crests of the Kan-
san upland are about 800 feet above sea, declining to 760 in 
Farmington. 
The following table gives the elevation above tide of the 
towns of the county, Gannett's Dictionary of Altitudes in the 
United States being authority: 
FEET 
Ben nett ... . .......... . ................................. 742 
Buchanan ............................... " ........... . 750 
Cen terdale. . . . . . . . . . . . . . . . . . .. . .............. . .. ..... . . 725 
Clarence ............. . .......... ....... ..... . . . .... ... ... 829 
Downey ...... . ................................... . .... 683 
Durant ............................. . . . ................. 720 
Lowden ............ .. ........ ... . ..... . ............... 721 
Massillon. • . . . . . . . . . . . . . . . . . . . . .. . ..................... 733 
Mechanicsville .......................................... 899 
23 
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FEET 
Plato .... .. .. . . . .... .. . . ... . ............ .. ......... . .. ' . . 703 
Stanwood .. ... .. . . . . ........... . ... ... ....... .. .. . ..... 851 
Tipton. . .. .. .. .... .. ...... . . . .. . .. . . . ... . . , .. . . . . . . .. 805 
DRAINAGE. 
The Wapsip inicon Riv81'. -The two master streams of the 
county are the Wapsipinicon and the Cedar rivers. The 
former transects the extreme northeastern corner, leaving 
hardly more than two square miles of the county on the left 
bank. While its drainage area comprises about one hundred 
and fifty square miles, its course within the county is only 
some four miles in length. But even within this short dis-
tance it presents both the types of river valleys common in 
eastern Iowa and in glaciated regions. Where the Wapsipini-
con crosses the JoneH' county line, it winds over a sandy 
alluvial plain more than a mile in width. At Massillon it enters 
a narrow rock-bound valley, in which ledges of Niagara lime-
stone stand thirty feet above the water, the hills on the r ight 
bank rising to twice that height above the same datum. At 
the Clinton county line it escapes from this constricted valley 
and flows out on a wide flood plain, silt filled to unknown depth. 
These sharp contrasts are clearly due to glacial interference. 
A stream flowing over rocks of uniform resistance will excavate 
a valley homogeneous throughout in width, in -depth, and in 
contours. In such rocks, differences in valley width express 
corresponding differences in age. Since every stream cut 
valley must needs be narrow before it is wide, and shallow 
before it is deep, the gorge at Massillon must be far younger 
than is the wide silt filled valley above the town; and we must 
conceive that the stream has been diverted here from its 
ancient path to the gorge which it has excavated in compara-
tively recent times. 
The method by which a river widens its channel in massive 
rocks is well illu~trated at Massillon. The Gower limestone 
of the ledges is obdurate in the extreme. It does not break 
into c 1 Ii pst one llnner fros", and its laminre, though etched by 
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the weather on the surface of the cliffs, remain coherent, and 
the ledges remain hodzontal indefinitely. But these lime-
stones, like all indurated rocks, are affected with joints, or 
natural fissure planes, which here are vertical and distant, 
cleaving the ledge from top to bottom. They form channels 
for percolating water, which gradually widens the joint seam 
by dissolving the limestone· along its sides. It is in this way 
that the "wells" are formed which are found on the top of the 
ledges, and are as much as five feet in diameter. Thus by 
Fig. 16. Ledge of Gower Limestone on Wapsipinicon river, Massillon. 
the percolation of water down the joints great blocks are 
detached from the rock-mass. They are gradually undercut 
by the river flowing at the base of the ledge, and when under-
mined, slip, as is shown in figure 16, fall and at last are carried 
away piecemeal by the stream. 
Tributaries of the Wa;psipinicon. -The eastern and the 
northern tier of townships pay tribute, for the most part, to 
the Wapsipinicon. Its affiuents gather the storm water over 
the larger portion of the Clinton lobe and the northeastern 
part of the Kansan upland. Pioneer creek flows southeast 
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from the southern margin of the Iowan plain northwest of 
Mechanicsville, where in wet weather water stand~ in shallow 
pools. It receives the drainage of the Kansan island in Secs. 
1, 2, and 3, Pioneer township. A branch called Picayune 
creek, rises at the edge of the Kansan southeast of Mechanics-
ville, and breaking through the paha ridges south of the vil-
lage, joins Pioneer creek near the J ones county line. Here the 
creeks traverse a marshy flood plain a mile wide lying forty feet 
below the Iowan plain adjacent. A small stream known as 
Sybil creek drains the Iowan plain north of Stanwood. Mill 
creek gathers its head waters west of Clarence and maintains 
a southeast course across the Iowan plain and through a nar-
row upland of Kansan south of Oxford Mills. 
The eastern part of the Iowan plain is drained by two creeks 
w hose course is east and southeast. The northern one drains 
the country north of the great Lowden paha, and discharges 
in Clinton county below Massillon. The other, Yankee run, 
occupies an ancient valley whose floor of rock is buried an 
unknown distance below the surface. West of Lowden the 
valley plain is over a mile wide and falls with distinct slope to 
the southeast. A south branch of Yankee run is of wholly 
different type. Rising southwest of Lowden and flowing 
nearly east, it drains an intricately dissected Kansan upland, 
in which it has cut a comparatively narrow channel. The 
same upland is penetrated by the headwaters of Rock creek, 
and south of Bennett, where it shows scarcely a trace of 
stream cutting, it pays tribute to Walnut and Mud creeks. 
The longer courses of these three creeks lie in Scott county, 
and their physiognomy bas been described in that report. 
The Oedar Rive1'.-In its diagonal course across the county 
the Cedar exhibits the same alternation of wide and ancient, 
with narrow and recent valleys shown by the Wapsipinicon. 
Where it crosses the Linn county line it winds down a flood 
plain two miles wide in meanders, the radius of whose inner 
curve is three or four times the width of the stream. Above the 
flood plain rise the steep forest-crowned hills of the Kansan 
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upland on the right bank, while on the left there is a gradual 
ascent from sandy terraces to the rolling prairie of the Tipton 
lobe of the Iowan drift plain. At Cedar Bluff the river swings 
to the left, and sweeping against the hills, which here rise 
eighty feet to the Iowan prairie, washes their bases of Gower 
limestone. At the village it breaks directly through a rocky 
spur projecting from the left bank, thus forming an isolated 
hill some fifty feet high and about 1,000 feet in length, which 
rises abruptly from the river on the one side and on the other 
from the wide flood plain. The present channel of the Cedar 
where it transects the spur is 600 feet wide, rock-floored and 
completely filled by the stream. So recently has the river 
been diverted from the flood plain to the right of the island, 
that practically no stream-cutting has taken place below the 
level of the plain, and the farm lands upon it are protected 
by a levee from high water. The walls of the gorge cut in 
the soft and laminated Anamosa limestone are still vertical. 
The extraordinary behavior of the stream in thus leaving 
the wide and easy way to the west and climbing, as it were, 
over the hills on the east, has aroused the attention of the 
intelligent people of the vicinity, and so striking is the ex-
ample of a phenomenon not common, that it may be well to 
consider the ways in which such isolated hills on flood plains 
are made. Projecting spurs may be formed and afterwards 
transected in the normal development of meanders. As the 
stream cuts its curves more and more deeply convex, as it 
alters its open curves to horseshoe bends and constantly nar-
rows their necks, it, at last, may cut completely through the 
neck of the inclosed spur, leaving its former crescentic chan-
nel slowly to fill with alluvial deposits, and ultimately to be 
aggraded to the level of the flood plain. If we attempt to 
apply this theory to the case in hand, and imagine the Cedar 
as once swinging to the left of the knob in a great horseshoe 
curve, and cutting the present path of the stream from both 
above the "island" and below, we shall see at once that the 
latter does not exhibit the requisite form. Its longer axis is 
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not aligned at right angles to the course of the stream, as it 
should be if formed in this way, but lies parallel with it. 
Such isolated hills on broad flood plains are found also where 
a narrow tongue of land, intervening between a river and the 
lower course of a tributary, is cut through by lateral sapping, 
the master stream thus becoming diverted to the channel of 
the affluent. If this hypothesis is applicable here we must 
suppose that the small creek mouthing one and three quarter 
miles above Cedar Bluff once fell into the trunk stream below 
the village, and that the ridge once intervening has been 
wholly consumed with the exception of the rocky "island" 
under discussion. If this is the case, the valley of the creek, 
the left bank of the Cedar from the creek to the island, and 
the channel at the island onght all to present the same 
topographic forms since they are all of the same age. But 
the contours of these courses are markedly different. The 
channel at the island presents every evidence of extreme 
topographic youth in its floor of rock and its narrow and ver-
tical walls. The others are evidently older, being bounded 
by hills of moderate slope in which rock but rarely appears. 
A cogent fact which contradicts both of the theories is this: 
the valley of the Cedar has not developed in a regular and 
uninterrupted cycle. The depth of the ancient fluvial floors 
of rock beneath its wide flood plains forbids us to connect 
with the cycle to which they belong such a channel as this at 
Cedar Bluff. 
Other solutions of the problem being closed there remains 
the agency of the great ice invasions of Pleistocene times. 
When the broad valley of the Cedar was still filled with gla-
-cial ice, a superglacial stream finding its way as best it might 
would here and there discover its ancient channel, while here 
and there it would be let down upon some rocky spur across 
which it would cut a narrow gorge such as this at Cedar Bluffs. 
It would be expected, also, that for long stretches the 
ancient strath so filled with glacial ice would be so blocked 
with ice and land waste that the river would be diverted to a 
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new track. Such is the path of the Cedar from below Cedar 
Bluff nearly to Rochester, a rectilinear course in a narrow 
valley cut to a depth of 140 feet in the Kansan upland, bor-
dered with steep bluffs covered with forests and disclosing 
here and there vertical palisades of Gower limestone. 
From Rochester to the south line of the county the valley 
of the Cedar is of the type described above Cedar Bluff. The 
ri ver swings from side to side of a flood plain a mile in width. 
On the right bank the Kansan upland lies about 100 feet above 
the river. On the left bank the Kansan lies lower, being from 
sixty to eighty feet above the same datum on the prairies east 
of Lime City. 
The breadth and sloping sides of the wide reaches of the 
Cedar are evidences of great age, but in themselves alone 
these characteristics do not imply a preglacial or pre-Kansan 
origm. Valleys as broad in southwestern Iowa have been _ 
found to be post-Kansan by the geologists who have studied 
that field. But, while the latter are cut in drift, the former 
are cut in solid rock in large measure. Taking into consider-
ation both the quantity and the hardness of the material 
excavated, and , in especial, the fact that the drift lies uncon-
formable on the slopes of rock which form the sides of the 
valley, the conclusion is inevitable that the wide valleys of 
the Cedar are at least pre-Kansan in age, and may, perhaps, 
be even pre-glacial. 
Ter1'aces of the Oeda1'.-These remnants of ancient flood 
plains are well marked on the broader reaches of the Cedar. 
They testify to the great volume of water, derived from the 
melting of the ice sheets of Pleistocene time, which once 
poured through this channel. Connecting with the terraces 
described in the report on Linn county,-" these benches con-
tinue without interruption to Cedar Bluff, being more sharply 
defined on the left bank of the stream. A narrow upper t er-
race, standing about twenty feet above the lower bottoms and 
thirty-five feet above the river is marked by a clean scarp and. 
"Iowa GeoJ. Surv., vol. IV, pp . 176, 177. 
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level floor, and its surface is composed of either a yellow, 
loess-like loam, a rather stiff, yellow joint clay, or of sand. 
A typical section is afforded in Cedar township, Sec. 17: 
FEET 
8. Clay, yellow, alightly arenaceous.. ... .. . .. . .. . . . ... . 2 
7. Clay, reddiRh, sandy, more or less indurated, gradu-
ating into No.6 .......... ... ........... . ..... . 
6. Sand, stratified, yellow and white, from fine to coarse, 
with some gravel. . . . . . . . . • . . . .. ................ 4 
5. Clay, white..................... ................... 2 
4. Ochreous accumulation, indurated . .. " . . . . . ...... . . .. i 
3. Sand, light yellow and gray, iuterstratified with lam· 
inre an inch or less in thickness of white clay. .. 3 
2. Gravel, at.ratified, with yellow sand. . . .... . . . . . .... . 6 
1. Concealed to floodplain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
The lower bottom land which for the most part stands well 
above the present floods of the river, is about a mile in 
width and varies in its superficial deposits from sandy 
stretches to fine silt and black humus. 
In the narrows from Cedar Bluff to Rochester terraces are 
either inconspicuous or wholly absent, but from the latter 
station to the Muscatine county line the remnants of these 
ancient fluvial floors form a most striking topographic feature, 
everywhere bounding the wide alluvial bottom lands with 
their sinuous and sharp escarpments. Rochester stands upon 
a bench of stratified sand and gravel about twenty-five feet 
above the river, which sweeps southwestward, forming a 
selvage about the hi.lls as far as the mouth of Crooked creek. 
About the town benches occur to a height of twenty feet and 
more above this terrace. These are composed of sand and 
are rendered indistinct by dunes which surmount them and 
by their blending with the northwest-southeast ridges of the 
district. South of Rochester the main terrace on the right 
bank stands at about twenty-five or thirty feet above the 
present flood plain of the river. With a width in places of 
over one-fourth of a mile, it extends nearly to the Muscatine 
county line where the river swings across the flood plain and 
impinges on the base of the bluffs of the western bank. 
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The structure of this bench is shown in many gullies. 
Below about six inches of humus lies a rather stiff, reddish 
jointed clay, four feet thick, resembling weathered loess, 
which passes by interbedding into stratified yellow sand 
affected with the common brownish bands denoting an admix-
ture in these layers of some clay. 
In color, depending on age and degree of ferrugination, and in 
composition and structure, these terrace deposits agree with 
those of the age of the Iowan drift, and are taken to have 
been laid down at the time of the melting of the Iowan ice 
sheet. 
TRIBUTARIES OF THE CEDAR. 
Olea1' 01·eek.-This large creek drains the Kansan upland in 
the northwestern part of the county. Two branches draw their 
head waters, northeast of Lisbon, from the Iowan plain, over 
which they flow in shallow trenches. Entering the hills of 
the Kansan they soon descend to a depth of 100 feet beneath 
these loess-capped summits. The east fork of Olear creek 
rises south of Mechanicsville on a divide where storm water 
gathers in temporary ponds, and flowing west and joining the 
west forks, takes a south west course through the Kansan 
upland in a tortuous valley bordered here and there by ledges 
of Gower limestone which reach a height of about fifty feet. 
The excellent mill sites thus afforded were early utilized by 
the erection of three of the largest mills in the county. 
Within about one-half mile of the Linn county line Olear 
creek leaves the Kansan and flows out upon the compara-
tively low area of the Tipton lobe of Iowan drHt, and upon 
this it continues with high terraces until it falls into the Oedar 
at a normal angle. 
Between Olear creek and Oedar Bluff two unimportant 
streams flow southwest into the Oedar over the Iowan plain. 
The western of these is diverted in its lower course along 
the flood plain of the river by its natural levees. The 
ravines of t he head-waters of the eastern of these streams 
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trench through Kansan till and uncover the Gower limestone 
at about 800 feet A. T., and in section 14, Linn township, the 
creek has cut some 40 feet in the same beds, the slopes of the 
rock being covered with Kansan till and loess. 
Below Oedar Valley there debouch into the Oedar on the 
left bank three relatively important streams,-Rocky run, 
Rock creek and Sugar creek. These all rise on or near the 
frontier of the Olin ton lobe of the Iowan, and pursue south-
easterly and southerly courses, changing to southwesterly 
when within about two miles of their trunk stream. In the 
plain of Iowan drift west of Tipton, the tracks of Rocky run 
and Rock creek are deflected, corresponding to the south-
eastward movement of the Iowan ice. 
Rooky Run.-This stream riEes south of Mechanicsville, on 
the Kansan plain, here undissected. Flowing south through 
Red Oak township, it occupies a channel about five feet deep 
in a valley lying about thirty-five feet below the summits of the 
adjacent hills. Across the Iowan plain its strath is in places 
bowlder strewn. Entering the Kansan upland in Oenter town-
ship, it holds a very narrow, winding valley, which reaches 
the depth of 140 feet below the level of the upland. The 
Gower limestone is disclosed at many points, and on the 
slopes cut by the stream in the rock the loess and the 
Kansan till descend well down to the present level of the 
water. 
Rook O?'eek.-The Iowan area directly north of Stanwood 
and the rolling Kansan area about Red Oak discharge their 
storm water into the valley of Rock creek. Near Tipton the 
creek bends to the west about a heavy ridge of Kansan drift, 
and again to the southeast along the margin of the Tipton 
lobe of the Iowan. Entering the Kansan again southwest of 
Tipton, its valley is wholly similar to that of Rocky run in 
the same area. Near Rochester it leaves the upland and 
turning abruptly west along its margin falls into the Oedar. 
O?'ooked Oreek.--This name is applied to a stream which 
rises on the flat divide north of Tipton and flows southward 
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through a wide valley cut only in the drift. East of Roches-
ter it crosses a region where the country rock rises nearer to 
the surface, and here the valley narrows. As the Devonian 
limestones here traversed are comparatively weak, the nar-
rows are less constricted and less steep of side than the 
.gorges of the streams which cross the resistant limestones of 
the Niagara. 
SugaJ' Oreek.-This is the largest creek of the county. Its 
-course extends from the margin of the Clinton lobe of the 
Iowan drift south of Clarence, southward to Muscatine 
-county, a straight line distance of eighteen miles. Until it 
reaches Sugar Creek township, the valley of this creek is cut 
wholly in the loess and the drift, and over the lower portion 
of this track is a much wider valley than that of the Cedar 
from Cedar Bluff to Rochester. From the summits of the 
Kansan upland one looks across a sunny valley from a mile to 
a mile and a half wide and eighty feet deep. All the enor-
mous amount of material, a bulk sufficient to refill the val-
ley, has been washed away by the creek and delivered to the 
river for transport to the sea, and all by the slow processes 
of erosion now in progress. But the age of the valley can-
not antedate the deposition of the drift sheets in which it is 
-excavated. How long is it, then, since these were laid down 
by the Pleistocene glaciers? Long enough for Sugar creek 
to have washed out and away each clay-flake, sand-grain and 
pebble of the bulk which once filled this wide valley. 
At the north line of Sugar Creek township the stream 
passes into a region of much shallower drift, and encounter-
ing the resistant rocks of the Gower, has accomplished a 
much smaller measure of erosion. The strath at once con-
stricts, and from here to Lime City is similar to the valleys 
·of the other creeks of the county cut in the same limestone. 
A mile south of Lime City the stream emerges upon the drift 
:and flows ~wer wide flood-plains bordered by gently sloping 
hills southward across the Muscatine county line and enters 
the old channel perhaps once occupied by the waters of the 
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Mississippi, designated in the report on Scott county as 
Durant channel. This broad and ancient waterway transects 
the southeastern corner of Cedar county. The course of the 
channel and its relation to the Illinoisan ice have been set 
forth in previous reports* In Cedar county the channel is 
now occupied by Big Elkhorn creek, and is about one mile in 
width and flat bottomed. 
Farmington township is drain ell in part by two creeks 
which flow south over the southward sloping Kansan plain 
and empty into Durant channel. Both occupy wide, flat, -
silt-filled valleys in their lower reaches and shallow swales 
toward their head-waters, and both lie wholly in drift. 
Tbe tributaries which fall directly into the Cedar on the 
right bank are comparatively short. The most northern of 
them is Nicholson creek, which presents all the usual char-
acteristics of the smaller streams in Kansan drift. It has cut 
through into the Gower limestone in its lower course and falls 
into the river above Cedar Valley. 
The southwestern townships of the county are drained by 
the three forks of Wapsinonoc creek. They occupy wide 
drift cut valleys with well graded flood plains and well marked 
dendritic system of subordinate drainage channels. Flowing 
south across the Muscatine county line the creek traverses 
the wide alluvial plain of Lake Calvin and empties into the 
Cedar south of Nichols. 
Sinks. -AU the drainage of the county is subaerial, except 
a short underground course of a storm water stream in the 
southeastern corner of Iowa township. This phenomena is 
so rare in this region that it may be described in some detail. 
To one approaching from the south, the sink appears as a. 
normal, narrow, steep-sided little valley, directing its way 
toward the Cedar. In a distance of eighty rods the ravine 
descends some sixty-five feet below the upland. Here the 
water course, strewn with fragments of Devonian .rocks, ends 
* Udden, Iowa Gco!. Sur., vol. IX, p. 344. 
Norton, Ibid, pp. 410, 420, 42r. 
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abruptly against a low wall of heavily bedded limestone, and 
turning to the left plunges through a rock portal about four 
feet wide into the tunnel through which it finds the remainder 
of its way to the Cedar. The entrance is now choked with 
debris, but it is said that the cave, a mere cleft for the most 
part, bu t in one place widening to a passage five feet wide 
and seven feet high, has been followed a distance of 150 feet. 
From the south, east and west shorter ravines descend to pit-
like sinks at about the level of that described, nine of these 
being counted in a radius of twenty rods. The longer ravine 
is at right angles to the river, from which it is separated only 
by a steep and narrow ridge of the same height as the land 
on either side. The outlet of the sink was not seen. 
It is characteristic of some of the streams whose courses 
lie north-south that the west bank is both higher and steeper 
than the east. On Sugar creek north of Tipton the hills of 
the west bank rise rather steeply to a height of seventy to 
ninety f~et above the stream, an elevation reached on the 
opposite side only at a distance of from two to four miles 
from the creek. Less markedly the same difference obtains 
on the branch which empties into Sugar creek near Wilton, 
on Crooked creek and on the course of Rock creek above 
Tipton. In so far as the difference may be due to unequal 
initial depth of loess, another problem is added to those still 
unsolved as to the origin and distribution of that formation. 
The Preglacial Dminaqe.-Before the advent of the Great 
Ice the drainage channels of this region were by no means as 
they a.re today. Midway the present valleys of the Wapsi-
pinicon and Cedar lay a preglacial channel broader and deeper 
than are the post-glacial valleys of these rivers. Toward this 
central trough, here called Stanwood ri ver, the rock surface 
sloped from either side so that in the immediate valleys of 
the present rivers it stands 200 feet above the rock cut path 
of the ancient stream. Another deep preglacial channel lay 
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near the Johnson county line, west of Downey, probably con-
necting with the depressions found by Calvin* in Johnson 
county, in Cedar and Scott townships. 
Nothing in the present topography gives the slightest hint 
of the existence of these buried river beds. Their discovery 
is due to the well drillers of the county, who, in these belts, 
find that their drills pass through scores of feet of river sand 
before they grind on the rock 300 feet below the surface of 
the ground. 
Fig J7. Course in Cedar County of Stanwood River. 
Stanwood river enters the county in Fremont township, 
and, curving strongly to the west, passes southeast to Stan-
wood. Trending southward east of Tipton, it follows down 
the east side of Sugar creek nearly to where that stream enters 
the rocky gorge two and one-half miles north of Lime City. 
Here it bends to the southeast, and while its course in Farm-
ington township is not well made out with the data at hand, it 
*Iowa Geol. Surv., vol. VII, P.91. 
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is well nigh certain that it joins near Durant the ancient 
buried river which passes south through western Scott county, 
described in the report on that county under the name of 
Cleona channel. 
At Stanwood the rock floor of Stanwood river is 544 A. T. 
Five miles southeast, at Geo. Kinney's (Sec. 17, Fairfield Tp.), 
it has declined to 500 A. T., the rock here being struck 320 feet 
below the surface. Fourteen miles southeast of Stanwood, 
at John Helmer's (Sec. 23, Center Tp.), it has fallen to 440 A.T., 
a gradient of seven feet to the mile, as steep as that of the 
swift Colorado. Cleona river, into which Stanwood river 
empties, has a fluvial floor in southern Scott county of not 
higher than 400 A. T. This channel continues, as has been 
shown by Leverett, to the southeast county of Iowa. To Mount 
Clara, eighty miles south of Durant, the fall of the floor of 
this buried waterway is but twenty-six feet. From Durant 
nortb, by Cleona channel and the Maquoketa and Mississippi, to 
tbe rock floor of the Mississippi at Sabula, is a rise of but nine-
teen feet in sixty miles. Stanwood river was clearly a tribu-
tary of this axial stream, a preglacial Mississippi as it may 
bave been. Data are not at hand to show clearly the char-
acter of the preglacial valley further than tbe gelleral slope 
toward the trougb. Measured from crest to crest, its width 
is at least seven miles at Tipton, with a sbarper descent to 
a thalweg perbaps two miles wide. Three miles north of 
Tipton the inner trough, a mile wide, lies 120 feet below a wider 
one, at least two and one- half miles wide, and rising more 
tban 100 feet bigher. If precipitous walls exist, such as those 
of the bluffs of the Mississippi, in northeastern Iowa, there 
is no evidence of the fact in the records of the wells. So far 
as appears, the cbaracter of the transverse profiles points to 
a river at least well on toward maturity. This is in such strong 
contrast with the steep gradient tbat the question at once sug-
gests itself how far the gradient may be due to differential 
uplift. If this is the case, it has not affected to any marked 
degree the preglacial channel of the Mississippi. The question 
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is a much larger one than Cedar county, and we need do no 
more than place the local facts on record to be taken into 
account with those from other districts in reaching general 
conclusions for the entire region. 
The channel of Stanwood river is aggraded with river sand. 
At Stanwood it is thus filled to a height of 116 feet above its 
rock floor. Three miles southeast, at Henry Britcher's, 
drillers report 144 feet of sand overlying the rock, and one 
report names a figure considerably higher. In a few wells in 
the channel these deep sands were replaced by glacial tills, as 
in this section of a well in Fairfield Tp., Sec. 22: 
THICKNESS. DEPTH. 
Yellow clay................................... 30 30 
Blue clay, tough .... .......... ................ 126 156 
Sand ..... .... ... .. ............ ... ... ........ 10 166 
Blue clay.. . . . ....... ........ ........ ......... 66 232 
Sand, to rock . . . . . . . . . . . . . . . . . . . .............. 1 233 
Such heavy sands are found in wells at some distance from 
the central line of the trough. For example, at the well of 
Adam Birk, to the northeast of Tipton, probably two miles 
from the median line of the valley, and more than 100 feet 
higher than it, sand 100 feet deep was penetrated below sev-
enty-five feet of yellow clay, the former resting directly upon 
the rock. 
In these channels sands are usually fine of grain. They 
could have been laid down by streams discharging the waters 
of the advancing glacier, and overloaded with its silt, or, far 
more probably, a subsidence in early Pleistocene times dimin-
ished the gradient and thus lessened the capacity of the stream 
to carry its load. 
STRATIGRAPHY. 
The indurated rocks of the county were deposited during 
three long, successive cycles of g~ologic time known as the 
Silurian, the Devonian, and the Carboniferous. Shales reported 
in a single deep well sunk in the preglacial channel of Stan-
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wood river, if authentic, belong without much question to a 
still earlier cycle, the Ordovician, and this age may therefore 
be placed in the list. 
During the long eras after the emergence of the region 
from the sea, an event wholly accomplished at the end of 
Paleozoic time, the rocks of the county weathered to residual 
clays, known as geest. Remnants of this mantle which 
remain can thus be assigned to no particular age. The inco-
herent superficial deposits belong to a time notable for the 
exceptional development of glacial ice in the northern hemis-
phere and known as the Pleistocene. 
The areas of outcrop of each of these formations may be 
seen by consulting the maps which accompany this report. 
It will be noted that the larger part of the county is under-
lain by the Silurian. A m4ch smaller area, lying chiefly in 
the southwestern townships, is assigned to the Devonian, and 
here the rocks are for t~e most part deeply buried beneath 
the drift. The Devonian limestones are weaker than the 
Silurian and with preglacial weat.hering may well have sunk 
to a somewhat lower relief, allowing upon them a deeper 
accumulation of glacial drift than would lodge on the harder 
and higher rocks of the Silurian area. 
The succession of the groups and systems of the rocks of 
the county with their subdivisions is set forth in the follow-
ing table: 
SYNOPTIC TABLE OF FORMATIONS IN CED AR COUNTY. 
GROUP. SE RIES. STAGE . SUBSTAGE. 
~ 
Recent. Allu via l. 
I owfI.n. 
Cenozoic. Pleistocen e. Gl acial. Yar mout h. 
Kansan. 
Aftoni aD. 
Pl'e- K I\ DSaD. 
24 
• 
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SYNOPTIC TABLE OF FORMATIONS IN CEDAR COUNTY-CONTINUED. 
Residual Clays, or Geest. 
Carboniferous. Upper Carbonif- Des Muines. 
el'ous. 
CedRr Valley. 
U pperDa ven port 
LowerDavenport 
Paleozoic. Devonian. Middle Devonian. Wapsipinicon. Independence. 
Otis. 
Coggan. 
Silurian. Niagara. Gower. 
Ordovician. Trenton. M'tquoketa. 
THE DEEPER STRATA. 
The outcropping rocks within the limit of the county can 
hardly represent a vertical measure of more than 250 feet, an 
am~)Unt incon'Siderable in comparison with the thousands of 
feet of stratified rock upon which they rest. Of the nature of 
these deeper strata much is known, both from their outcrop 
in areas to the northeast and from deep borings. One of the 
most mteresting of these is the Tipton artesian, one of the 
deep wells of the United States. The samples of drillings, 
carefully saved by different 'citizens of Tipton when the work 
was in progress, tell in a salJisfactory manner the nature and 
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thickness of the underlying formations. A report of these 
has already been published by the Survey'-x, 
During the present investigation a set of samples was ob-
tained much fuller than the incomplete ones used in previous 
studies. Of the sixty additional samples thus secured, the 
larger number were of use only in corroboration of the record 
and section already made out. Several, however, bridged 
serious gaps, and made it possible to correct the previously 
published reports. The succession of formations, their thick-
ness, and the character in brief of the rock is exhibited in 
plate VII. 
Ordovician. 
According to the log of the well at the tile factory at Stan-
wood, as reported by Mr. G. W. Sisler, of that village, there 
was found at the depth of 296 feet, and immediately beneath 
Pleistocene deposits, 44 feet of black, hard, tough clay, which 
dried like shale. Any deposit which would answer to this 
description at this place and depth would in alllikelihoud be 
the shale of the Maquoketa. The conclusion is fairly proba-
ble that Stanwood river here cut through the Silurian lime-
stones into the shales of the Ordovician. At the town well 
of Mount Vernon, fourteen miles west of Stanwood, where 
the Niaga-ra would presumably be at its thickest, beds of shale 
intercalated with limestone were penetrated from 300 to 325 
feet from the surface, the main body of shale not being 
reached. At Anamosa, where the Gower is well developed, 
the Maquoketa was found 360 feet from the surface. At H. 
Britcher's, two and one-half miles south and two miles east 
of Stanwood, the drill was still working in limestone at 363 
feet from the surface at the completion of the well. The 
question must be left in some a oubt, with the probability in 
favor of the presence of a shale at Stanwood and its reference 
to the Ordovician. 
*Iowa Geol. Surv .• vol. III. . pp . 197-200. 
Ibid. vol. VI. . pp. 261- 262 . 
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Silurian. 
NIAGARA. 
The lower beds of the Niagara, the Delaware stage of Cal-
vin, have not been found in the county. Some of the expos-
ures in the northeastern part of the county, where the 
Delaware stage might be expected to occur, if at all, carry 
so few fossils that their assignment to any stage is somewhat 
uncertain. But in the absence of the coralline and pentam-
erous beds characteristic of the Delaware, they are placed 
with the higher stage of the Niagara, the Gower, with which 
their lithological characteristics very well agree. 
GOWER LIMESTONE. 
The Gower limestone receives its name from Gower town-
ship, Cedar county, where its various lithological phases are 
Fig. 18 Gower Limestone, Anamosa Type, Cedar Bluff. 
well developed, and where it is more ext.ensively quarried in 
the Bealer quarries, at Cedar Valley, than at any other point 
in the State. It includes the beds which have been desig-
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nated as the Anamosa in the earlier reports of the Survey, 
together with those long known as the LeClaire. The former 
phase consists of soft, laminated, light buff, granular lime-
stones with gentle quaquaversal dips, and often approximately 
horizontal. The texture is porous or vesicular, and the lustre 
dull: relieved by occasional shining facets of minute crystals. 
Bedding planes are even and parallel, and commonly the rock 
quarries to dimension stone a foot or less in thickness. Joints 
are distant and vertical. Fossils are exceedingly rare. Fu-
coid markings are sometimes seen, and surfaces are not 
infrequently covered with small, rod-like, flexuous bodies, 
whose nature is a matter of conjecture. 
Found in immediate connection with the Anamosa are beds 
so different that they were long supposed to belong to a dis-
tinct and earlier stage, named the LeClaire. Hall, indeed, 
who assigned it its name, placed these two phases in different 
geological series, referring the LeClaire to the Niagara and 
the Anamosa to the Onondaga Salt Group. 
The LeClaire facies is a hard, brittle, gray or bluish gray 
limestone, sometimes oxidized to buff. It is subcrystalline, 
and in place's of trachytic harshness on account of ' vesicu-
larity due to the removal of minute fossils. Moulds and casts 
of fossils abound. These are often gregarious, and while no 
complete list of species has been made out, the fauna is known 
to represent that of the Gault of Canada. 
The LeClaire occurs in places in mounds fifty feet high and 
over, in which little semblance of stratification is to be seen. 
Here the rock is brecciated or conglomeratic. The matrix 
may be so nearly of the same color and texture as the frag-
ments, that it is with difficulty that the real nature of the 
massif is made out, or it may consist of a buff, friable, granu-
lar limestone sand, distinctly impairing the value of the out-
crop, both for lime kiln and for crusher. On the sides and 
upper surface of these mounds stratification planes are usually 
seen dipping outward in either direction at high angles. At 
first obscure, inconstant, and blending with the lumpy rock 
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of the mounds, these bedding planes become comparatively 
well defined as they pass outward. This is illustrated in 
plate VIlL, taken from the lime quarry at Cedar Valley, and 
is typical of many exposures in several counties. 
A second aspect of the LeClaire is thus presented, in which 
it is distinctly stratified. Retaining its crystalline texture and 
hardness, it may even rival the Anamosa in closeness of lam-
ination and evenness of bedding, as at Lime City, where this 
facies is quarried for building stone. In this phase the layers 
may lie as in the Anamosa, nearly horizontal, but commonly 
they are inclined or tilted, and sometimes at angles surpris-
ingly high. As a rule these stratified layers hold their highest 
dips in juxtaposition to the mounds, gradually decreasing to 
horizontal with increasing distance therefrom. Where any 
considerable horizontal section is afforded, they are seen to 
form synclines between the massifs. 
The forces and conditions under which these phenomena 
of the LeClaire were formed is confessedly one of the difficult 
problems of Iowa geology. Any theory deserving acceptance 
must explain the following salient facts. 
The dip is seldom constant over any considerable distance. 
Within a fraction of a mile, or even a few rods, it lessens or 
increases its angle, and changes or reverses its direction. 
Some outcrops lead us to believe that the normal dip is radial 
rather than anticlinal, i. e. the layered limestone lies in basins 
rather than in troughs. Where no great vertical thickness is 
exposed the slant may appear fairly uniform from top to 
bottom, but in deep exposures the dip is seen to diminish 
downward, forming synclinal " curves. An inclined layer 
remains, as a rule, of uniform thickness. This is specially 
noteworthy in highly inclined and finely laminated layers. 
From many observations in Cedar and adjacent counties to 
the east, north and west, the composite impression remains 
that the higher angles of dip usually lie between 10° and 30°. 
But much higher angles have been measured, in Cedar county 
IOWA GEOLOGICAL SURVRY . PLATE VIII. 
Agglomerate mound of Gower limestone with bedding pl a ins on flail k. 
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as high as 70° and in Linn for short distances 90° in the case 
of small folds (plate IX). 
Layers finely laminated are locally flexed and, in rare cases, 
display abrupt folds with fracture (Fig. 19). 
Inclined strata may alternate horizontally within a few feet 
with brecciated beds, the dip of the separated layers remain-
ing about the same. The fragmental beds are sometimes 
made of unrolled, angular fragments of massive limestone; 
while the tilted beds adjacent are finely laminated. Brecci-
Fig. 19. Massif of Gower Limes ton e at Lohmann' s Quarry, near Lo wden. 
ated beds usually form the centers of anticlines of stratified 
limestone. 
Planes of cleavage are inl all cases coincident with fossil 
zones, when such occur. In no case has cleavage been seen 
to pass transversely through a zone of fossils. Even on the 
most steeply inclined bedding planes, fossils lie as if they had 
there lived and died, no evidence being seen of their having 
been swept thither by currents. Thus layers of rhyncho-
nellas, crinoid stems, pentameri, spire-bearing brachiopods, 
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and of rod-like bodies unclassified are affected with the same 
abnormal dip as are unfossiliferous limestones. 
While the law of parsimony requires that all these phe-
nomena be expained by as few causes as possible, it is difficult 
to relate them all to anyone causal process. The theory that 
these inclined planes are of the nature of slaty cleavage is 
disproved by the fact that they correspond with the natural 
bedding planes as shown by the lie of fossils. 
The theory which at once suggests itself of folding under 
lateral pressure) accounts for the position of the massifs in 
the centre of anticlines, for the br.ecciation there found, for 
the flexed and broken strata, and for the variant angles of 
dip. Radial dips and the thickness of the strata are diffi-
culties on this hypothesis. 
The third theory is one suggested in part by Hall, and 
worked out with painstaking fidelity in the Wisconsin field by 
Chamberlin. It has been used as a working hypothesis by 
the Iowa Survey in the reports on Linn, Jones and Scott coun-
ties. It is here assumed that at the close of the Niagara 
huge mounds and ridges were built on the bottom of the 
shallow Silurian sea, in part by the accumulation in situ of 
corals. crinoids and molluscous shells, and in part by the drift 
of calcareous sediment!? under strong currents. That these 
reefs were near the surface during their building is attested 
by their conglomeratic character, due to the same wave action 
as coral breccia to-day. The fact that massifs are commonly 
highly fossiliferous is thus explained, as is the steepness of 
their slopes, and the intercalation on the sides with bedded 
deposits. That the shore was distant is shown by the purity 
of the limestones, their freedom from admixture with clays 
and sands derived from the wash of the land. That the sea 
was shallow is further implied in ripple marks, mud wash and 
mud cracks, with which the laminated limestones are some-
times affected. 
While these mounds were in building, calcareous mud set-
tled upon their steep sides, forming layers of limestone 
)OWA GEOLOGICAL SURVEY. PLATE IX. 
Til~ed Gower limes ton e at bridge crossing Rock creek. 
Townsbip 80 N., Range 3 W ., Section 23, Se. 7.\' of Sw. 7.\'. 
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dipping outward at various angles and directions, correspond-
ing to the slopes of the mounds. With increasing distance 
from the mounds, the slant of the strata would decrease until 
horizontality was reached. Where mounds were in close 
proximity, steep. synclines would result from the gradual 
filling of the trough, in the manner of cross-bedded deposits 
laid on initial slopes. Where they were more distant, stretches 
of obliquely-bedded limestones might be built out from them 
in the path of a current; and where their influence diminished 
to zero with increasing distance, beds would be laid down with 
practical horizontality. Such calcareous sediments would be 
in places coarse enough to constitute a sand-rock, made of 
cemented grains of limestone sand. Elsewhere the material 
might be so fine that it would accrete to a dense and ringing 
limestone. 
All types of the Gower are thus accounted for, and the 
rapid alternation at the same levels of the LeClaire and Ana-
mosa. 
The hypothesis fails to account for the higher inclinations 
that have been measured. Under the theory of oblique lam-
ination no angle of dip could exceed the angle of repose of cal-
careous silts under water. While this is no doubt a high angle 
on account of the property of rapid cementation they possess, it 
falls far short of the 70° seen at the crossing of Rock creek, 
on the Tipton-Rochester road, to say nothing of still higher 
angles. 
Even in more gentle dips it seems that there should be at 
least some slight thickening of the laminre downward, if 
deposited as sediments at the present angle of slope. This 
does not occur; even with laminre of a fraction of an inch 
they maintain a constant thickness throughout. 
Nor does it account for sharp flexures, folds with vertical 
limbs, and folds broken at sharpest change of direction. 
These phenomena, observed at the new quarries in these beds 
at the Upper Palisades, near Mount Vernon, are, it is true, 
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somewhat exceptional, and they are confined to small areas of 
a few feet in length. Nevertheless they demand explanation. 
So far as the steep angle of slope is concerned, it is possi-
ble that on the theory of oblique lamination, these may be 
explained if we conceive that the steep mounds of the massifs 
were sometimes undercut by currents. That subaqueous 
erosion actually occurred in Gower times there can be no 
doubt. The record is left in channel cuttings such as that 
noted at LeClaire by Calvin. 1'hus extensive slides may have 
taken place, by which large blocks of strata were left at 
higher angles than those of their original deposition. When 
these masses show a curvature, there is implied also a flexi-
bility in the fallen blocks. 
Thickness of the (Jowm'.-As the base of the Gower is no-
where seen in the county, its full thickness cannot be meas-
ured. Cliffs of the LeClaire, a few miles east of the Linn 
county line, on the Cedar river, measure ninety feet. The 
Gower is quarried at Cedar Valley to a depth of 116 feet, the 
maximum thickness observed in Iowa. 
Weathm·inq. - The Anamosa stone weathers to thin , de-
tached laminre, or spalls, but so slow is the process that it, 
need not be taken into account in weighing the value of the 
Anamosa as a building stone. Wherever the zone of weath-
ering reaches any considerable depth, such as eight to twelve 
feet, evidence is at hand that the decay is preglacial, and 
involves immense lengths of time. 
The LeClaire stone, when heavily bedded, weathers to 
deeply-pitted, cavernous surfaces. So uniform is the com-
position of the limestone, that this exceedingly irregular 
decay cannot be due to local differences in material, such as 
the presence of argillaceous matter. Nor is it proven that 
the pitting is due to local differences in the proportion of cal-
cium and magnesium carbonate, any spot being especially 
vulnerable where the former was in undue excess. On a rock 
so uniform in texture and composition, and one which does 
not break down into chips tone under the action of frost, such 
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~avities may well be formed by the localization of agents of 
decomposition. Where a lichen takes root, where a mould of 
a fossil allows water to :penetrate, wherever any agency of 
disintegration or chemical decay is localized, there such pits 
will result on a stone whose face is consumed only by the 
detachment of grain after grain. On a differently constituted 
limestone the face would be broken down before these depres-
sions would have time to form. 
It is seldom that a finer illustration of honeycombed lime-
stone is found than that of the rock represented in figure 20, 
on the road from Tipton to Mount Vernon , on the crossing of 
B ald win creek. 
FIG. 20. Weathering of Gower L imestone, Baldwin Creek. 
Ohemical Oomposition.-The following analyses, made at the 
chemical laboratory of Cornell College, under the supervision 
of Dr. Nicholas Knight, show the exceptional purity of the 
Gower limestone, and its near approach to a t ypical dolomite. 
BUILD ING STONE QUARRY, LIME CIT Y 
PER CENT. 
Calcium carbonate, CaCO • . .. .... ... . . . . . .... . ... . ..... 55 .3 
Magnesium carbonate, MgCO . ..... . . . . . .. ... . .. . .. .. ... 43 .0 
Ferric and aluminum oxides, Fe, O. and AI, O. .... . . . . 1.4 
Silica, SiO, .. .... . . . .. .... ....... . .. . . . ... .... . . . .. .... 0.6 
100.3 
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BUILDING STONE, BEALER'S QUARRY, CEDAR VALLEY. 
P E R CEN T. 
Calcium carbonate, CaCO. ... ... .. ... ...... . . ... ... .. 56.4 
Magnesium carbonate, MgCO ... ... .. . ..... ........ ..... 42 .6 
Ferric and aluminum oxides, Fe, 0 . and AI , O. .. .. .. 0.7 
Silica, SiO. 0 .4 
100.1 
LIME QUARRIES, CEDAR VALLEY. 
PER CE NT. 
Calcium carbonate, CaCO. ...... . ............ . .... .... 51 .27 
Magnesium carbonate, Mg CO. ..... .. .. .. . .. ... . . .. . . 48 .09 
Ferric oxide, Fe, O. ........ .. ..... .... .......... . ... 0 .35 
Silica, ISiO. .. ........... . .... .... . .. ... .. . ....... . .... 0 .225 
99.935 
This analysis shows a remarkably high per cent of magne-
sium carbonate, about 2t per cent more than a normal dolo-
mite. 
S ections of the Gower. 
I. BEALER'S QUARRY, CEDAR VA LLEY. 
F EET . 
9. Limestone, buff, maguesian, very soft, Cog~an stage. 14 
8. Limestone, weathering into chipstonE' , in layers up 
to six inches . ... . . . . . . . . . . . . . . .. . . . . .. .. . . . . . . . . . . 1t 
7. Limestone, light gray, rough, massive, very vesicular. 3 
6. Limestone, fragmental, argillaceous .... . ... ..... . . . 
5. Seam of blue argillaceous material extending for 180 
feet along quarry face . . . . . . .. . . .. . . . . .. . . . . . . . ... 0·2 
4. Limestone in thin spalls, hard, dense, "flinty". . . . . . 5., 
3. Limestone, hard , rough, buff, crystalline, highly vesic-
ular, with moulds of spire hearing brachiopods, the 
spires often remaining in casts. . ... .. .... . ..... .. 5 
2. Limestone in layers from two to eight inche8, lami-
nated.. ....... .... .. ... ... .. ... . ... ....... . ... . .. 4-
1. LimestonE', light buff, granular; lustre c ull , homo-
geneous in grain , slightly vesicular, destitute of 
silica in any form , frac ture even, soft when first 
quarried, rapidly hardening on drying, bedding 
planes horizontal, even and comparatively distant, 
laminated, joints distant, master joints running 
south-southeast. All quarried for building stone, 
together with N os. 2-8, Gower stage . .......... . . . 9{ 
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A further description of this section will be found on a subse-
quent page. The quarry whose section hac;; been given above 
lies just south of the bridge on the right bank of the river. 
Going up stream, we have an interesting series of exposures 
which exhibit the rapid change in lithologic types, structure, 
and attitude so characteristic of the Gower. Ten rods north of 
the bridge occurs limerock of the LeClaire phase at the same 
levels, highly tilted to the southwest at angles of from 30° 
to 45°. Fifteen feet up the side of the cliff lies a layer of 
spire bearing shells similar to those mentioned in No.3 of 
the preceding section. Eight rods to the north the dip 
has declined to 11° WSW. in a heavily bedded, but finely 
and for the most part coherently laminated limestone, the 
softer laminre being etched out by weathering but not 
detached. Thirty feet further the rock dips sharply to the 
northwest at an angle of 12°. Eight rods up stream 
the rock has assumed the texture of the Anamosa and 
has been quarried for building stone. Vermicular rod-like 
bodiAs occur on the even, smooth faces of the stone. The 
dip is here 10° WSW. at the southeast end of the quarry. 
For twelve rods the rock is now concealed. It reappears 
with a dip of 12° ~ SE., declining to nearly horizontal 
within a rod. Thirty rods up stream, at the entrance of 
the lime quarries, finely laminated crystalline limestone is 
tilted to 41° SSE., resting apparently on the steep side 
of a massif of unstratified crystalline limerock a rod 
away. Twenty rods further on occurs a strongly conglom-
eratic. outcrop which passes on the further side into lay-
ered limerock dipping NNW. At the quarry fifty feet of 
typical limerock is exposed, a hard, brittle, light bluish 
gray, crystalline limestone with a tendency to break along 
vertical planes to long, splintery or rectangular fragments. 
In the center of the quarry the rock is a massif, but from 
this mound there pass outward and downward bedding planes 
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dipping at high angles. The passage from the layered lime-
stone is shown in plate VIII. The dip varies, the layers grad-
ually lessening their inclination from 40° to nearly horizontal. 
A t the north end of the quarry the following northeast dips 
were measured near the summit, 36°, 38°, 47°, 49°. Here the 
crystalline rock again becomes laminated to two and four 
inches. It is stated by the foreman of the quarry that as 
these layers continue outward and downward, where now con-
cealed, they pass into granular rock useless for lime. 
Near the base of the section a sharp contrast was seen 
where, in a vertical distance of five feet, were found, between 
typical limerock above and below, layers of soft granular 
limestone underlain by four inches of "flinty" laminCB. The 
fossils observed, Amplexus and Favositid corals, Rhynohon-
ella and one or more crinoids, were of the LeOlaire. 
North of the quarry, across a small ravine, cliffs face the 
river composed of semicrystalline, finely laminated limestone, 
nearly horizontal, or dipping at low angles to the northwest. 
2. EXPOSURES OF THE GOWER ON SUGAR CREEK. 
Where Sugar creek leaves the deep, preglacial channel, 
here known as Stanwood river, and enters the region of the 
indurated rocks, in Tp. 80 N., R. II. W., Sec. 34, Se. t, its 
channel at once contracts, and from this point to Lime Oity 
exposures are frequent along its banks. Immediately at the 
crossing of the creek between Sec. 34 and the section to the 
south, Sec. 3, Sugar Oreek township, nothing is exposed below 
the Ooggan, which here lies eight feet above the water, or 
about 700 A. T., according to the United States topographical 
survey. One mile below, eight feet of gray mottled magnesium 
limestone, in part fragmental, and difficult to assign to any 
definite horizon, appear on the left bank, at the bridge. On the 
right bank (Sec. 10, Sugar Oreek township, E. i), the limerock 
of the Gow~r fronts the creek in ledges twenty-five feet high, 
in which tilted layers are seen to merge into structureless 
massifs. Further down the stream the finely laminated phase 
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comes into view in the Sw. t of the same section, dipping from 
15° to 23° SE., and intermediate in texture between the 
granular and the crystalline pbases. These rocks are in some 
layers quite fossiliferous, but with a restricted number of 
species. Eight rods further down stream a quarry has been 
opened. The dip has bere decreased to 7°, and the stone bas 
assumed for the most part the granular Anamosa facies. 
Twenty feet is exposed of these evenly-bedded layers, whIch 
weather to detached laminre for a zone of twelve to fifteen 
feet from tbe surface. Short, flexuous, rod-like fossils cover 
the faces of some of the lamin re, and about five feet from the 
base is a zone in which casts of an ostracod crustacean are 
abundant. One-balf mile south a building stone quarry has 
been opened on tbe farm of E. Hinkbouse, and at the same dis-
tance west, rock at about the same level has been quarried for 
lime. The next exposures are those a quarter mile south, at 
Lime City. 
3. LIME CITY . 
Here extensive quarries have been opened on the right 
bank of Sugar creek, along a circuit of about one-half mile. 
The usual rapid horizontal transitions in the limestone encour-
age lime and building-stone quarries in adjacent outcrops, 
and a stilliarger portion is quarried and crushed for railway 
ballast. 'ro the north the stone is limerock, lying for the 
most part in confused or structureless mounds. South of 
these it dips heavily outward and downward from them. 
Twenty-five feet of Gower is here exposed, a hard, gray, sub-
crystalline limestone in layers, destitute of lamination, vary-
ing in thickness from one-half to two feet. The rock is 
fossiliferous in places, with moulds and casts of Gower fossils, 
the planes of highly fossiliferous layers coinciding, as is cus-
tomary, with the dip of the strata. 
Across the small ravine, in which the kilns are situated, 
the dip has decreased to 28° ESE., the stone continuing of 
the same type described. On the further side of a little gully 
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the limestone dips 13° sm., and while still hard and crystal-
line, is now finely laminated. Four rods east a large quarry 
is opened for building stone. At the west end the dip is 10° 
sm., and in twenty paces this has become horizontal. The 
rock does not assume the granular Anamosa facies, although 
it is as finely laminated and as evenly bedded. The upper-
most layers are of the Cog-gan and transition layers to the 
higher Devonian terranes. The section is as follows: 
FEET. 
3. Coggan and Otis limestones. . . . . . . . . . . . . . . . . . . . .. 20 
2. Limestone, hard, blnish gray, tough, ringing under 
the hammer. crystalline, finely and coherently 
laminated, in courses up to three and one-third 
feet, but readily splitting to layers of six, eight 
and twelve inches. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 
1. Limestone, gray, vesicular, in heavy courses, rough 
snrfaced .. . . . . .. . . . . . . ... . .... . .. . .. . ..... . . . .. 8 
From this trough of the syncline the strata rise gradually 
to the east, dipping 7° SW. a few rods further on. At a dis-
tance of 500 feet east of this the dip has increased to 210 SW. 
At this point, the last quarry to the east, the rock lies in par-
allel, fairly even courses, varying in thickness from one foot 
or less, the common dimension, to two and three feet. It is 
here also finely laminated and crystalline. The hardness of 
the stone makes it admirably suited to the use of railway bal-
last, to which it is put. 
At several points along the line of the quarries the heavy 
layers were seen to he marked on their upper surfaces and verti-
cal joint faces with ramifying, or inosculating, shallow chan-
nels from 1 millimeter to 2 centimeters in width. The origin of 
these was not discovered. The upper surface of the Gower at 
these quarries along a circuit of one-half mile on Sugar creek 
is even and regular. The structureless mounds, the layers dip-' 
ping at high degrees and various directions, and the horizon-
tal strata, rise alike to the same plane at which they are 
bevelled by the horizontal layers of the Goggan (plate X). 

IOWA GEOLOGICAL SURVEY. PLATE X . 
H ori zo ntal Coggan beds overlyillg the oblique-bedded , LeClair phase of the Gowe r limestone al Lime City. 
- From (l photograph by Houser. 
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4. CROSSING OF ROCK CREEK . T P. 80 N .• R. III W . • SEC. 23. SE. U OF SW. U. 
This section is of special interest in that it presents the 
Gower more highly tilted than has been seen elsewhere, with 
such dips, in fact, that it is impossible to account for them by 
any theory of cross bedding. At the same time it exhibits 
the usual rapid change in dip both in direction and amount 
and a radial dip which may be typical, though not so well 
seen in any other recorded outcrop. The course of the creek 
F IG. 21. Sketch map showing variant and radi al d ips of Gower Li mes tone. Rock Creek. T p. 
80 N .• R . HI W .• Sec. 23. Se. U 01 Sw. U. Contour interval . 10 fee t. ODe-ha lf iDCh= lo rods. 
along the crest of the anticline is also worthy of note. This 
and the various dip are shown in the accompanying sketch-
map. Rock creek has here cut to a depth of thirty feet in a 
dome or anticline of the Gower. This is overlain with twenty 
feet or more of limestones of the_Wapsipinicon stage of the 
Devonian. 
25 
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At the bridge the roadway scarps the side of the hill and 
exposes two or more beds of hard, gray, crystalline lime rock, 
laminated to a fraction of an inch. The bed nearest the 
bridge is fifteen feet thick ap.d tilted at an angle of 58° S. 
From the second it is separated by a bed of breccia, or scree, 
eighteen feet wide in which the matrix is soft, granular lime-
stone sand. Considerable argillaceous material also occurs, 
and in one plc:we a stiff, unctuous, greenish or yellowish clay 
so much resembling the pockets of Carboniferous clay not 
uncommon in this region that it probably is to be assigned to 
that formati<?n. The fragments of this breccia are angular, 
unrolled, set at all angles, of all size::; up to fourteen inches 
in diameter, mostly of massive non-laminated, vesicular, 
fossiliferous limestone, but with some finely laminated frag-
ments also. The bed of tilted strata adjoining the breccia on 
the south dips 70° S. and is composed like the first of 
thinly laminated limestone, ten feet thick. A hundred feet 
to the southwest, up a ravine, the same limestone recurs, dip-
ping 48° SSW. 
At the bridge the layers affected with this abnormal dip 
stand aoout thirty feet above the water. To the southeast 
they gradually decline and also toward the northwest where 
at one point they are seen at about the level of the flood plain 
dipping 60° W. and overlain with apparent unconformity, by 
ten feet of limerock in three or four rude discontinuous 
layers, forming a 10w anticline. The accompanying map 
makes any further description of the changes observed in the 
dip unnecessary. 
5. LOHM ANN'S QU ARRY. TP. 8[ N .• R. [ W .• SEC. 4. NW. 14. 
Two miles west of Lowden, on a branch of Yankee run, 
an important quarry has been opened for a number of years, 
and is now owned by Mr. Lombard Lohmann. Limestone?f 
the Anamosa. type has been quarried to a depth of forty-five 
feet. Joints are distant, the master joints running N. 20 E. 
The strata are disposed in a distinct anticline. At the south 
• r 
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end of the quarry they dip 3° NNW.; at the north, 14° ENE. 
The following is the succession of layers: 
FRET. 
6. Spall~, weathered into thin plates. . . . . .. . ... ..... .... 8 
5. Flagging, about four inches thick . . . . ..... . .. . .. . ... " 8 
4. Limestone, rough, massive, once used for lime.. . .. .... 3 
3. Building stone, iu layers up to one foot .... .. ..... . ... 15 
2. Flagging .. . . .. .. ............ .. ........... .. . . ....... 2t 
1. Building ston e, in layers from 5 to 14 inches . .. .. . . .. . 6 
No.4 thickens and thins in a most interesting manner, rising 
as a lens shaped mound twenty-five feet in diameter, at about 
the center of the quarry, retaining elsewhere the. thickness as 
stated (See plate IX). This mound is obscurely fragmental 
and the fragments are themselves in places arranged in ob-
scure layers dipping outward as high as 4?o. The upper layers 
of fine grained rock in part pass into and merge with the 
unstratified mass, and, in part, rise on its flanks. The mound 
of rough rock is clearly contemporaneous with the even bedded 
granular building stone on which it rests and by which it is 
surrounded. The phenomenon of distinctly different litho-
logic typE'S of limestone formed under slightly different con-
ditions in the same area, at the same time, is here exhibited 
as in a hand specimen, and it may well be taken to illustrate 
the relation between the LeClaire and the Anamosa phages of 
the Gower. 
On the creek, a few rods distant to the north, the same 
layers are seen to dip west and south, forming the northern 
limb of a syncline. 
The Devonian. 
The Devonian series in Cedar county comprises several ter-
ranes which are grouped under two stages-the Wapsipinicon 
and the Cedar Valley. The former, named from the excellent 
section along the Wapsipinicon river, in Linn county, embraces 
the lower beds of the Iowa Devonian and has been subdivided 
into several sub-stages- the Upper Davenport, the Lower 
Davenport, the Independence and the Otis. To these is now 
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added an inferior member, the Coggan, which in earlier reports 
was classified as Silurian. 
THE COGGAN . 
The lithological affinities of this limestone are wholly with 
the Silurian. It js a soft, granular, magnesian limestone, 
vesicular, often of earthy lustre, differing in appearance from 
the Anamosa limestone principally in its heavy bedding and 
absence of lamination. Under the hammer it frequently emits 
a distinct bituminous odor. Nodules of dark flint may occur 
in it and these occasionally unite to form a thin continuous 
layer. At some exposures it takes on a harder and more crys-. 
talline aspect. 
The composition of the normal type in Bealer's quarry i~ 
as follows, according to an analysis made in the chemical lab-
oratory of Cornell college, under the direction of Dr. Nicholas 
Knight. 
Ca COs .... ... . .. . . .... .. . . .. . · · .. ... ... .. .... .. ..... . . . 58.2 
MgCOs ..... .. ..... . ..... . ..... . . . . . .... ... ... . . ... . .. . . 39.5 
.Fe. Os and AI. Os' . . . . . . . . . . . . . . . .. ... .. . . ... ... .. ...... 0.9 
Si02 •••• •••• • • •••••••• • • •••• • •• • •• •. ••••••• • ••• • ••••••• 12 
99.8 
In this dolomite the proportion of calcium carbonate is but 
two per cent higher than in the Gower dolomite of the Silu-
rian used for building stone and taken from the same quarry. 
In the Coggan is found gregarious a small spire-bearing 
shell, which, in the report on Linn county, * is stated to resem-
ble Spirifer suhumbonus, Hall. Occuring in the Coggan only 
in moulds and rare casts, and belonging to a type of wide 
range, and one difficult tt) identify in imperfect specimens, it 
did not seem safe, at the time, to refer it without qualification 
to this species. Since the publication of the report just cited 
more perfect specimens, collected over a larger area, have 
sufficed to conyince all who have examined them of their 
identity with the species named, a well known Devonian type, 
.Geologyof Linn County. Iowa Geol. Surv., vol. 4. p. 140. 
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and one found in Iowa only, so far as now known, in the Devon-
ian beds, the Otis, immediately above. 
Along with Spi1'it81' subumbonus have been found in the 
Coggan several pygidia of a trilobite. These, together with 
the brachiopod mentioned, were referred to Dr. John M. 
Clarke, State Paleontologist of New York, who considers it 
"a species not far removed from the IJalmani tes erina, which 
occurs sparsely in the Onondaga limestone of both New Y or k 
and Ohio. So far as the specimens indicate, the species has 
little affinity to typical Silurian forms and its relation to the 
species cited indicates the Devonic." A small cheek of a 
Proetus, an unidentified Oonoca1'dium, and a little spiral gas-
tropod complete the fauna of the Ooggan beds so far as now 
known. 
It thus becomes necessary to shift the Coggan across the 
Siluro-Devonian frontier, and to enroll it as the basal member 
of the Wapsipinicon stage. This position is in accord with 
the strong apparent unconformity at Lime Oity and Cedar 
Valley, where its horizontal beds rest on the highly tilted 
layers of the Silurian. The magnesic character of the ter-
rane is entitled to no consideration except as corroborating 
other evidence. The Devonian even of the Cedar Valley 
stage is dolomitic ill the northern counties of the state. 
Along the forty-second parallel in Iowa the stratigraphic 
division between the Silurian and the Devonian would seem 
to be drawn where calcareous sediments change to argilla-
ceous, as at the summit of the Otis, or where dolomites 
change to non-magnesian limestones, as at its base. Draw-
ing the line as we have done at the base of the Coggan makes 
against each of these classifications by lithological affinity, 
but is in accord with the far weightier evidence of fossils. 
THE OTIS. 
This terrane was first discriminated in Linn county, where 
it is well marked in the valleys of the Cedar and Wapsipinicon 
rivers by its position between the argillaceous Independence 
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above and the dolomitic -Doggan beneath, by its lithological 
facies, and by its fossils. It has also been found in Scott 
county in a narrow strip at the eastern edge of the Devonian 
area, adjoining outcrops of the Niagara, and immediately 
underlying the Independence. In Cedar it is less well devel-
oped than in Linn, but its outcrops are more numerous than 
in Scott. It is seldom that it here clearly indicates its place 
in the Devonian succession, and in only one locality could it 
be identified by its fossils. The Oti.;; exhibits considerable 
variety in its lithology. Typically it is a limestone carrying 
so slight a per cent of magnesia that it effervesces readily 
and actively at a tourh of cold dilute HCJ. But its passage 
beds downwards into the dolomitic Coggan indicate a larger . 
and larger per cent of magnesium carbonate in their compo-
sition. It is also a fairly pure limestone, and shows no out-
ward trace of argillaceous admixture. But in several locali-
ties it is difficult to draw the line of demarkation between it 
and th@ Independence shale. 
The most common lithologic type of the Otis is a drab 
limestone weathering to lighter tints, hard, brittle, ringing, 
with conchoidal, irregular or splintery fracture, and of fine 
grain. It is frequently C'rackled and fragmental, the frag-
ments being small and in apposition, and of the same color 
and texture as the matrix when this can be distinguished. 
In this aspect it is heavily bedded, reaching sometimes a 
thickness of layer of five feet, and is unevenly laid and 
roughly surfaced. Frequently it is laid in thinly laminated 
layers. In eit.her case it may be fossiliferous. These types 
were the only ones discovered in Scott county, but both in 
Linn and in Cedar considerable lithologic diversity prevails, 
introducing crystalline, saccharoidal limestones, compact or 
friable, of various colors, highly crystalline brown or drab 
layers which break with calcite cleavages, layers mottled witll 
greenish argillaceous material, and others containing frag-
ments or nodules of dark flint or of crystalline silica. In 
Linn this diversity was diagnostic of the formation as the 
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boundaries of it were there drawn, and the same variant 
types recur in Cedar at the same horizon. 
The thin-shelled, smooth-surfaced little brachiopod, Spi7'i-
f e?' 8ulmmbonU8 Hall, which, with an obscure coral found by 
Prof. J. A. Udden , forms the entire known fauna of these 
beds, is gregarious in the fine-grained phase and occurs also 
in the granular. It is found from central Linn to the Missis-
sippi. Since the little spirifer of the Coggan beds is identified 
with the same species, it is probable that further evidence 
may warrant uniting these two sub-stages. Meanwhile their 
lithologic facies are so different that, as a matter of con-
venience for field work, they are still ranked as distinct ter-
ranes. 
The following analysis, made under the supervision of Dr. 
N. Knight, is of a pink, saccharoidal, crystalline limestone, 
a type occurring at a number of localities in the county. 
The extremely small amount of magnesium carbonate will be 
noted, showing strong contrast with the Gower dolomites of 
the Silurian. 
PER CENT. 
Silica, SiO ... .. . . ..... . .... . . . .. . . . ... . ..... .. . . . ..... . 0.24 
Ferric oxide, Fe. O. .... . . .. .. . ... . . . ... .... ...... ... .. 0 .34 
Calcium carbonate, CaCO .. ... ... ... . .... ..... .. . .. ... 96.73 
Magnesium carbonate MgCO . .. .... . . ..... ... . .... .. . . 2.94 
100 .25 
Another analysis of Otis limestone, from the Sw. t of Sec. 
25, Tp. 80 N., R. III. W., was as follows: 
PE R CE NT. 
SiO • .. .. ..... . . . . .. . .. . . . .. .. ............ . ... . .. ..... .. 1 .52 
Fe. U ..... .... .... ....... ........ .. ... .. ...... .. .. ..... U.5ts 
CaCU . . . ... .. . . . . .. . . .. ... . . . .. ..... . .. . . . ... . .... . ... . 93 .61 
MgCO •... ... . ... ........... .. . ... . .. ..... . ......... . .. 4.20 
99 .91 
THE INDEPENDENCE. 
No exposures were seen in Cedar county of the fine, fissile , 
fossiliferous shale found in a shaft at Independence, and given 
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the name of that town by Calvin. At the same horizon in 
Linn county occur buff, argillaceous limestones, and it is in 
this form that the Independence is seen in Cedar. These are 
often marked by irregularities of deposition, channel cutting, 
lenses o~ calcareous material, and rapid lateral change in form 
and constituents of the rock. Occasionally the dark buff, 
dingy, impure limestone contains angular, small, sparse frag-
ments: either of the same nature as the body of the rock, or 
of the aspect of the fine-grained, drab limestone of the Otis 
or Lower Davenport. The latter seem to have been more 
soluble, and when dissolved away have left angular cavities. 
Angular fragments of silica are seen frequently, and weath-
ered surfaces may be rough, with a flinty, angular sand left 
in relief. Siliceous nodules are usually found on all outcrops 
of these beds, and so peculiar are these that they are diag-
nostic of the Wapsipinicon stage of the Devonian. The 
lenticular masses may reach a foot in diameter, and a micro-
section shows that they are not composed of flint, but of 
crystalline silica intercrystallized with calcite. The surfaces, 
therefore, where the calcite has dissolved, have a character-
istic rough and carious aspect, and masses may have a harsh 
vesicularity resembling pumice. The silica resembles gangue 
quartz in the great number of micro-cavities it contains. The 
Independence was thus recognized at one point, Sec. 4, Sugar 
Creek township, in the log of a well driller, who reported a 
number of "balls of flint, from the size of a hickory nut up to 
a base ball." At Independence, and at Lafayette: in Linn 
county, thin seams of coal and coaly shale were found in this 
formation. Coal reported near Rochester, in a well on the 
farm of J. D. Ridenours, Tp. 79 N., R. XI. W., Sec. 5, Sw. 1 
of Sw. 1, may belong to the Independence rather than to 
any outlier of the Carboniferous. It is said that three and a 
half feet of coal was struck at a depth of 120 feet and beneath 
sixty feet of rock. The thickness of the vein is altogether 
exceptional, unless it includes black shale. The well curb is 
something more than 100 feet above the outcrop of the Otis 
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on Crooked creek southeast, and of the Independence on 
Rock creek northwest. 
The ordinary appearance of the Independence in Cedar is 
a rather soft, buff, speckled, magnesian limestone of earthy 
lustre where weathered, and often so argillaceous that it 
breaks down into a clay. As one of the weaker Devonian 
terranes it is a slope maker, and its exposures are rare. Its 
presence may often be inferred from slopes below ledges of 
the Lower Davenport or above those of the Otis. 
The following analysis of a more siliceous layer of the · 
Independence, exposed on Sugar creek, Sec. 3, Sugar Creek 
township, was made under the direction of Dr. Nicholas 
Knight. Macroscopically the limestone was buff, earthy and 
friable from weathering. The siliceous residue under the 
microscope displays a field of minute, angular, quartzose 
matter, with a few larger grains polarizing in high colors: 
Silica , SiO •.. . .... . . . .... .. .... . .. .. ........ . . . . . ...... 18.66 
Ferric oxid e, F p2 O • . .. . ... . ..... .. ...... . ........ . .. . . 2.00 
Calcium carbonate C,. CO •. .. . . ...... . .. . . . . . ..... . . .. 58 .21 
Magnesium carbonate, MgCOa . . . . . . ..... . .. . . .. . . .... . 21.00 
99 .87 
THE LOWER DAVENPORT. 
The lithological characteristics of this unfossiliferous lime-
stone are identical with those described in the reports on Linn 
and Scott counties. So similar is the limestone in all its out-
crops that hand specimens from the Volga, the Wapsipinicon, 
the Cedar, and the Mississippi could not be told one from 
another were the labels removed. It is a hard, compact, fine-
grained limestone, non-crystalline, breaking with irrE'gular, 
conchoidal, or splintery fracture. Massive in places, it is also 
found in places weathering to thin plates. In Linn county 
it is completely brecciated. In Scott it is but little disturbed. 
In Cedar its condition is intermediate. Retaining here and 
there its initial attitude, as at Rochester, it is in places par-
tially or wholly broken into breccia. 
326 GEOLOGY OF CEDAR COUNTY. 
When brecciated it presents the appearances noted in pre-
vious reports. Specimens are seen where the laminre retain 
much of their parallelism although slightly separated. Fine 
and close lines of lamination are sinuous and flexed sometimes 
in a hand specimen, and compound brecciation is not infre-
quent. The common appearance of the breccia of the Lower 
Davenport is that of a mass of small fragments set close at 
all angles, the edges remaining sharp and even splintery, the 
matrix scanty and of much the same material as the frag-
ments, but more granular and slightly lighter colored. 
Silicious nodules occur similar to those of the Indepeudence, 
but smaller and in much fewer numbers. Large blocks of lam-
inated limestone are occasionally seen set at all angles, and 
where the bracciation has commingled higher beds, fossilif-
erous lighter colored fragments of the Upper Davenport may 
be in juxtaposition. When massive there is apt to be 
exhibited on weathered surfaces a crackled or fragmental 
structure. 
Lithologically these beds are very like the drab limestone 
of the Otis; and except where the intervening argillaceous 
Independence is present it is hard to tell them apart. Were 
it not for the clearer sections in adjoining counties. the out-
crops in Cedar would hardly suffice to demonstrate the sepa-
ration of the Lower Davenport from the Otis and its relation 
to the other terranes of the Wapsipinicon stage. Still, on the 
ri.ght bank of the Cedar at Rochester and south to the county 
line it directly underlies the Upper Davenport, and in one or 
more outcrops is superimposed. on argillaceous limestones of 
the Independence. The Otis, on the other hand, directly 
succeeds the magnesian Coggan, and is overlain by the argil-
laceous Independence. But no single exposure exhibits both 
beds of drab, non-magnesian limestone, the Otis and the 
Lower Davenport, separated by the buff, shaley Independence. 
'.rhe following analysis made by Dr. Nicholas Knight is in 
all probability a representative one. The sample was taken 
from the ledge of the Lower Davenport. outcropping above 
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Rochester on the right bank of the Cedar. The extremely 
small per cent of magnesia and the comparative freedom from 
insoluble impurities are strongly marked features of the lime-
stone well exhibited ·in the analysis: 
Silica SiO, ............................................ 0.86 
Ferric oxide Fe,O. .... . ... .. ...... .. . ..... ............ 0.30 
Calcium carbonate CaCO •........ .. ....... ....... ..... 96.91 
Magnesium carbonate MgCO. ...... .... ....... .. .... .. 1.93 
99.70 
THE UPPER DAVENPORT. 
Where these beds were first recognized under this name, 
in Linn county, they ferm a distinct terrane of a tough, 
semicrystalline, heavily bedded limestone, whose character-
istic fossils are Pentam&rus comis and 07'this macfa'l'lanei. 
This is the horizon of the Gyroceras beds of Calvin, a life zone 
recognized earlier in Buchanan county as the lowest of the 
fossiliferous Devonian in Iowa above the Independence. The 
same beds recur in Cedar at the same horizon, immediately 
overlying the Lower Davenport. The lithological characters 
.are persistent, and the same species are found in the same 
relative abundance. The exposures of the Upper Davenport 
.are seen on the divide between Crooked creek and Rock creek 
in rare outcrops, and on the right bank of the Cedar from the 
Muscatine county line north ward to within three miles of 
Rochester. 
The beds of this terrane in Linn county were seen to be 
the equivalent of the beds at Davenport, called the Cornif-
erous by the paleontologists of the Davenport Academy of 
Science; and under the impression that there was here a 
marked chang-e in fossils, the summit of these beds was made 
the line of contact between the Wapsipinicon and the Cedar 
Valley stages. In the survey of Scott county a closer study 
of the Upper Davenport showed that along- with the charac-
teristic species of the beds in Linn county were others, which 
in Johnson and Buchanan counties occupy a higher place. 
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Thus in the Scott county report the life zones of Philli;psas-
&rea billingsi, and species of Acervularia are included in the 
Upper Davenport. At Davenport there overlies this terrane 
a shaly limestone in which Spirife?' pennatus is common, and 
this horizon was made the lowest in the Cedar Valley stage. 
In Muscatine county Udden found it difficult to differentiate 
the Phillipsastrea beds from those of Spirifel' pennatus and 
the Gyroceras, terming all the Phillipsastrea beds. In the 
two or three fossiliferous exposures in Cedar county in which 
anything higher than the horizon of PentameJ'Us comis appears, 
the line of separation between the latter and the higher 
zones was not clear in the unworked quarries and with the 
brief time given to the collection of fossils. The S. pennatu8 
beds, if distinct, are but little higher than the Phillipsastrea 
beds, since both fossils occur in the chipstone of the small 
quarries near Atalissa. There is no doubt that Or'this mac-
fa?'lanei and Pentamerus comis are here basal in the fossilif-
erous series, but it is not clear that S. pennatus and Phillip-
sastrea did not appear at the same time toward the south of 
the Iowa Devonian era, while in the central portions their life 
zones are distinctly separate. It is thus difficult to draw the 
upper limit of the Upper Davenport and the line of demarka-
tion between the Wapsipinicon and the Cedar Valley. If, 
with Calvin, this line is placed at the top of the S. pennatus 
qeds, all the fossiliferous outcrops in Cedar county may be 
regarded as Wapsipinicon. If the original line is retained, 
the horizon of abunoant Spw'ife7' pennatu8 will go to the Cedar 
Valley. On the whole, it seems best to leave the definition 
of the Upper Davenport to await a final decision after the 
sequence in the northern counties, such as Fayette and 
Howard, is ascertained. Either the life zones observed in 
some counties fail of demarkation in others or their strati-
graphical equivalents are elsewhere barren. The latter 
seems inadmissible, since the horizon of Pentamerus comis 
and Orthis macfarlanei is constant, and immediately succeeds 
the Lower Davenport, a terrane well marked through the 
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entire Devonian area in Iowa, so far as studied, both in it~ 
lithological characters, in the stresses to which it has been 
subject, producing brecciation, and in its superimposition on 
the Independence. 
Devonian SEotions. 
COGGAN SUBSTAGE. 
1. CEDAR VALLEY, BE ALER'S QU ,\RRY. 
5. Limestone, hard. dense, yellowish gray, breaking 
into large, rhombic chipstone by diagonal cracks 
F EE T. 
about 6 inches apart ........ .... . .. ... . . . . ... . .. 1 to t 
4. Limestone, laminated, of similar texture to No . 5. 
spalls 1 to 4 incbes thick . ..... . . . .. . ... .. . ..... . 
3. Limestone, Sofl , granular, laminated, witb minute 
moulds of brachiopods .... . . ............ . . ... . . 
2. Limestone. soft, light buff, with occasional lenses 
of dark flint, fossiliferous with minute moulds, 
in layers up to 1 foot . ... . .. .... . . . . . . . . . . . . . . . . 2t 
1. Limestone, in massive layers about 3 feet thick, 
soft, earthy , buff, with some flint nodules, and 
with many characteristic Coggan fossil ,Spinier 
subltmbonlts Hall, and trilobite pygidia ... .. . . . . 7 
No.:l rests conformably on horizontally"bedded limestones 
of the Go wer stage. 
2. CEDAR V ALLEY, LIME QUARRIES. 
FEET . 
2. Limestone in horizontal layers, not breaking into 
thin spalls, but breaking down into clay, with 
boulderets of disintegration of irregular form , 
soft, earthy, light gray, speckled (Coggan) ... . ... 3 
1. Gower limestone, of LeClaire phase, eitber iu cal-
careous massifs or in highly tilted layers ........ 50 
3. TP . go N. , R . III . W., SE C . •. NE. )(, ON ROCK CREE K . 
The thickness of the following members is estimated from 
several outcropping ledges_ 
FilET. 
5. Limestone, hard, flinty, close-graiped, in part lam-
inated, non-fossiliferous, in spalls . ... . ........ . 10 
4. Limestone, 80ft, granular, buff, in layers 9 inches 
and over . ..... . ................ . ............... 2 
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FEET 
3. Limestone, massive, granular, gl'ayish buff, highly 
vesicular, with numerous casts and moulds of 
Spirifer sub1t1nbonus (1) of larger than ordinary 
dimensions(with layers above referred to Coggan) ]2 
2. Gower limestonp, LeClaire phase, eJl.posed " . . . .. 1 
]. Concealed to creek .............. , . . . . . . . . . . . . . .. 8 
4. LIME CITY, BUILDING STONE QUARRY. 
FEET. 
7. Limestone, saccharoidal. slightly pinkish, laminm 
up to 4 inches in thickness ................. . ... 1 
6. Limestone, white. saccharoidal. with close coher-
ent laminre ..................... . ............. 2 
5. Limestone. yellowish gray. soft, earthy luster, 
weathering to layers 2-! inches thick .......... 2t 
4. Limestone, saccharoidal, pink and yellowish gray, 
decaying into crystalline limestone sand. This 
changes laterally into a brittle gray rock, in lay-
ers 1-4 inches thick, breaking into rhom bic chip-
stone of dull, earthy luster. In places also the 
same transition occurs in one foot vertical, the 
"sandy" crystalline rock above graduating into 
brittle den e "flinty" roC!k beneath ............ 6 
3. Limestone, light buff, saccharoidal, in ::eavy lam-
inated courses weathering to fine crystalline 
sand ... . ...... .... . . .... . ............ . ........ 5 
2. Limestone, massive, highly vesicular, with moulds 
of Coggan fossils. All the above layers are 
practically horizontal, magnesian. useless for 
building stone and are well named "sand rock" 
by the workmen ........ .. .................... . 3! 
1. Limestone, Gower hard, crystalline ............. 22 
5. LlME CITY , BETWEEN BUILDING ~TONE QUARRY AND LlME KILNS 
FEET. 
5. Limestone. magnesian, more or less fragmental. 
fragments small, mottled, dull, earthy buff and 
light brownish. weathering to irregular surface 
caused by relief of harder fragments ... . ..... II 
4. Limestone, magnesian, light pinkish buff, sac-
charoidal, laminatt'd. . . . . ... . . . . . 3 
3. .Limestone, magnesian, crystalline, saccharoidal, 
white or light gray, in heavy layers . ... .. .... . 5i 
2. Limestone, earthy. buff vesicular, Coggan litho-
logic type, in layers of 26, 18, and 26 inches ... 5! 
1 Gower limestone, .to. railroad tracks . . ............ 12 
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6 LIME CITY, LIME QUARRIES. 
A t these quarries, but a few rods distant from the exposures 
just described, the same beds recur which we refer to the 
Coggan. They are, as usual, horizontal and are thus in 
strong contrast with the Gower limestone on which they rest, 
which is highly inclined, or in unstratified massifs. Uncon-
formity could not be more strongly simulated or exemplified. 
The Coggan beds are here of light buff color, non-laminated, 
soft and earthy, useless for any economic purpose except rip-
rap, with strong p~troliferous odor when struck with the 
hammer, and contain an occasional minute mould referred to 
the characteristic fossil brachiopod of the Coggan. Layers 
are commonly from six to twelve inches in thickness. The 
upper rock surface is but little decayed, but for a depth of 
three feet the upper layers are broken to chips tone by weath-
ering, and are covered with two to three feet of red geest in 
which glacial pebbles are commingled. In these beds occur 
flint nodules up to one foot in diameter. The total thickness 
of these layers referred to the Coggan is here eighteen feet. 
7 OUTCROPS ON ROCK CREEK. 
The relation of the Coggan to the underlying Gower is seen 
at several stations on Rock creek. One mile northeast of 
Rochester (Tp. 80 N., R. III. W., Sec. 36, Sw. t of Se. t) typ-
ical Coggan beds, massive, soft, granular, and with charac-
teristic moulds of fo~sils, are exposed wi th a thickness of 
some seven feet, the layers being horizontal, and rang'ing from 
one to three feet in thickness. They directly overlie highly 
tilted beds of the LeClaire lithological facies, dipping 44() east 
in heavy, non-laminated layers, which extend to the water in 
creek, a thickness of five feet. One-half mile east of this 
station, and about twenty-five feet higher, higher beds of the 
Devonian are disclosed on a small branch of the creek. 
One and one-half miles north several outcrops on the same 
creek (Tp. 80 N., R. III. W., Sec. 25, ) exhibit the relations of 
the Coggan with the Silurian beneath, and with higher beds 
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of the Devonian above. Here there is seen toward the head 
of the ravines, at a height of about fifty feet above the bed of 
the creek, a dark brown, non-magnesian limestone, identical 
in appearance with outcrops of the Otis at Cedar Rapids and 
elsewhere. In the road, about ten feet higher, occurs heavily-
bedded granular limestone, weathering white, non-fossilifer-
ous, and whose facies is not characteristic of any particular 
horizon. Further down the draw north of the road the fol-
lowing section appears: 
3. LimestonE', soft, buff, vesicular, in layers about 18 
inches thick, of Coggan facies . Exposed at two hori-
FEET. 
zons within a space of. . ..... . ... . ' . . . . . . . . . . . . . . . . . . S 
2. Limestone, buff, horizontally bedded, tine granular. 
The horizontal face exposed in the bed of the ravine 
shows interlacing weather seams and imbedded angu-
lttr bowlders of the L'3Claire beneath, up to two f~ et 
in diameter, with small imbedded fragments of the 
same . . . . . . . .... . ..... . . ..... . . . . . . . .... . .......... 2 
1. Limestone. hard, gray, crystalline. of typical LeClaire 
fttcies, in heavy beds. dipping as high as 300 , in recur-
ring ledges to water in creek .. . ... . ... .. .. . . . .. .. .. 20 
S. SUGAR CREEK T OWNSHIP, SECTION 3. 
On Sugar creek the succession of the Lower Devonian strata 
is more clearly seen. At the bridge between Sec. 34, Tp. 80, 
and See. 3, Tp. 79, R. II. W., about at the level of the bridge 
floor, eight feet above the water, rock occurs apparently in 
place, of typical Coggan appearance, and with characteristic 
moulds of Coggan fossils, and about one and a half feet thick. 
For three feet above this no exposure is seen, when there 
appears a thin ' layer of Otis limestone, carrying, as so fre-
quently in other counties, SpiJrifer subumbonus, Hall. 
THE OTIS LIMESTONE. INDEPENDENCE SHdLE. LOWER DAVENPORT 
LIMESTONE. 
No exposures were found in Cedar county exhibiting the 
Otis beds in any force. This was the more unexpected, inas-
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much as this formation is well developed in the counties both 
to the east and the west. * 
9.-The only locality where the Otis has been found in 
Cedar in its typical fossiliferous beds is on Sugar creek, at the 
bridge between Sec. 3, Tp. 79, and Sec. 34, Tp. 80. While 
the section displayed here in the wagon road to the west of 
the bridge is not well shown on account of the weathering of 
the rock and the lack of any distinct ledg~s, it is yet possible 
to make out fairly well the succession. Nos. 8 and 9 are 
probably a Coal Measure outlier inset in an ancient channel, 
and with this exception the beds above No. 6 conform in 
facies to that of the Independence beds in Linn county in 
their usual less argillaceous aspect. 
12. Limstone, buff, argillaceous, weathering to calcare-
ous clay, with some harder layers of buff, dense, 
dark speckled limestone, some finely laminated, all 
briskly effervescent in cold dilute HCI., with len-
ticular nodules of silica having carious surfaces 
FERT. 
from dissolution of intercl'ystallized calcite .. ..... 18 
11. Limestone, buff, earthy, breaking into rhombic chip-
stone; at Lase a layer of green clay one half inch 
thick....... ... ................................. .. 2t 
10. Limestone, buff, soft, more or less crackled. . . . . . . . . 2 
9. Shale, black, argillaceous. .. ..... ................ . .. b 
8. Sandstone, brown.................................. t 
7. Limestone. buff, earthy, crossed with parallel cracks 
about three inches apart, dipping about 10° N. 
Briskly e1fervescent, but apparently magne&ian.. 5 
6. Limestone, soft, buff, dark speckled, earthy. dipping 
a3 above......... .. ...... .... ......... . .. . ... . 1 
5. Liruestone, brown, crystalline, non-magnesian, in 
thin calcareous plates, with Spiriier subumbonus. 
Hall. Otis beds..... .... .... ... ... .. ........... ! 
4. Limestone. gray, earthy, dipping 100 N .. perhaps 
over a lens. Otis............... .................. t 
3. Concealed ............. '. . • . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
2. Limestone. Coggan . . . ... ...... . .... . .. .... ....... It 
1. Concealed to water in creek...... .. .. ..... . . ... .... 8 
"Norton, Report on Geology of Linn Co., Iowa Geol. Surv., vol. IV. 
Norton, Report on Geology of Scott Co., Iowa Geol. Su rv., \'01. IX . 
26 
334 GEOLOGY OF CEDAR COUNTY. 
10. At the crossing of Crooked creek (Tp. 79 N.. R. II 
W., Sec. 8, Se. i), there are exposed in the road about eight 
feet of rock of Devonian facies. At the summit lies a white 
saccharoidallimestone, and at the base one of brownish buff 
color and earthy luster. For the most part the rock of the 
exposure is thinly bedded. It is slightly flexed, forming low 
arches. There is considerable difference in the appearance of 
the layers, but all contain so little magnesia that they readily 
effervesce in cold dilute HCl. Among the forms noticed 
are a light gray earthy limestone, one dark drab and crypto-
crystalline, and a saccharoidal white limestone, mottled with 
irregular greenish yellow argillaceous laminre, the white por-
tions containing considerable clear quartz in minute detached 
perfect crystals. Carious silicious nodules also occur. The 
horizon is that of the Otis in the layers which form the 
transition to the Independence. 
11. Ten feet above the summit of the last section as 
measured by the barometer there is well displayed in the road 
on a hill a f~w rods west, a section twenty-five feet thick of 
typical Lower Davenport limestone, non-magnesian, of finest 
grain, conchoidal fracture, and for the most part closely lam-
inated. At the base lies a foot or so of light colored 
saccharoidaf limestone. Stresses of various strength pro-
• ducing more or less perfect brecciation are in evidence. 
Some layers, especially toward the base, are massive and 
finely fragmental or crackled, the fragments remaining in 
juxtaposition, and disclosed only on weathered surfaces. 
There is also considerable breccia of ordinary Lower Daven-
port type, the "second phase" recognised in the report on 
Linn county*, where numerous small fragments are set in a 
scanty and lighter colored matrix. In certain layers the 
close coherent laminre are sharply flexed within the limits of 
a hand specimen. Here and there are large fragments of 
laminated limestone set at all angles. Another type is seen 
where the laminre are detached and separated, but retain 
• Iowa GeoJ. Surv. voJ. 4, pp. 158, seq . 
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within the matrix considerable of their original parallelism. 
Lenticles of silica occur. 
12. A mile north of Rochester on the right bank of the 
Cedar a little above the mouth of Rock Creek (Tp. 79 N., R. III 
I 
W., Sec. 3, Se. i of Nw. i) a striking ledge of the Lower Dav-
enport overlooks tbe river: 
FEET. 
3. Limestone. non magnesian , drab, weathering to 
lighter tints, hard, of lithographic fineness of grain, 
breaking with conchoidal fracture; in places 
crackled and fragmental in massive layers two feet 
thick and more, here and there graduates laterally 
from such layers into thin calcareous plates a 
fraction of an inch in thickness. . . . . . .. .. . . .. . . . .. 10 
2. Limestone. non· magnesian, gray, semicrystalline, 
soft, retreating under No.3 by weathering. . . . . . . . . 2 
1. Unexposed to flood plain of river............ .. .. .. .. 25 
13. Directly across the river from Rochester the same 
ledge appears at nearly the same height. A miner's shaft 
was sunk here some years since which apparently began in 
this stratum and shows to a certain extent the nature of tbe 
strata beneath, concealed in the preceding section by talus. 
In position and in composition the following numbers readily 
fall into the Independence, except perhaps the basal layer> 
which probably is Otis: 
FEET. 
8. Upper ~ortion of shaft, not observed . .. " . . . .. . . . . 7 
7 Limestone. rough, brown. crystalline.. . . . . . . . . . . . . .. . 2 
6. Limestone, brown, soft, earthy luster, ferruginous and 
argillaceous, briskly effervescing in cold dilute HCl. 6 
5. Limestone, buff, earthy, speckled with darker spots, 
thin layered. . .. .............. . ......... ..... '" 1 
4. Limestone, bluish. non-magnesian. in part crystalline, 
in part earthy ... . ..... : . ......... . . .... . . ....... 4 
3. Limestone, pale buff, argillaceous, weathering to chip-
stone. .... .. ... ....... ..... .. .... ... .... .. . . .... . . 3 
2. Limestone, buff, dull earthy luster, laminated, in even 
layers 2 to 6 inches in thickness . . . . . . . . . . . . . . . . . . . 1 
1. Limestone, white, saccharoidal . . . . . . . . . . . . . . . . . . . . . . t 
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A similar successi()n is seen imperfectly on the hillside 
where, from the base up, outcrop in different places a white, 
soft, crystalline, granular limestone, a brown, crystalline, 
granular limestone, limestone weathering to thin, drab, cal-
careous plates, and the heavy ledge stone of the last section. 
From the base of the shaft is said to have been taken a 
massive bluish drab limestone, subcrystalline, with cavities 
lined with drusy spar. A special interest attaches to this 
layer, since it is currently believed to contain large percent-
ages of silver. By those interested in Rochester, names are 
given of chemists in Chicago and in Iowa who, twenty years 
ago and more made analyses of the rock showing as high as 
$247 of the white metal to the ton. The analyses themselves 
are not extant. On this basis there has been considerable 
labor expended and some money in the exploitation of this 
"vein." Besides the sinking of the shaft described, a driller 
was kept at work for some weeks, and several openings have 
been made in the hillsides adjacent. Neither the rock itself 
nor its relations and surroundings give the faintest suggestion 
of any metallic content except pyrite. The following anal-
ysis, made at the chemical laboratory of Cornell college 
under the direction of Dr. Nicholas Knight, is less valuable 
therefore in disproving the local theories of the rock than in 
showing the relative amount it contains of lime and magnesia 
carbonates: 
PER CENT. 
Calcium carbonate, GaCO ........ .... ...... .......... 78 .75 
Magnesium carbonate, MgCO •....... .. .....•......... 20.16 
Ferric and aluminum oxides, Fe,O. and AI,O. ......... 0.10 
Silica, SiO, ......... . ................. ............. ... 0.40 
Manganese oxide, MnO, ... ................ ........... 0.20 
99.61 
14. TP. 79 N., R. II W., SEC. 6, NW. 7.(. 
North of Rochester a section of special interest is shown 
in the bed and sides of a little branch of Rock creek. Only 
about twelve feet is exposed,· but three different lithological 
types occur and in a relation not easy to decipher. 
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The base of the section at the road bridge and the larger 
portion of the outcrop consists of a soft, dark buff, or brown, 
speckled, argillaceous limestone, of earthy lustre, often in 
laminre an inch or less in thickness. These are in places 
flexed, and brecciation is not infrequent, small fragments of 
dull, speckled, brown limestone being set in a matrix of sim-
ilar material. In places fragments are of hard, light drab, fine-
grained, laminated limestone. These fragments are usually 
small, and none of the type were seen near the base of the 
section. 
A few rods up stream from the bridge the floor of the shal-
low trench discloses extremely irregular layers of hard, dense, 
ringing, drab limestone, often thinly laminated, occurring in 
lenses and masses up to eight to ten feet in length. The 
lower layer exposed is about three feet thick, and is fissured 
and crackled, the fractures being filled with calcite. No brec-
ciation was seen. Above this, masses of the same lithologic 
facies display considerable brecciation, and the matrix com-
monly consists of dingy brown, earthy limestone, similar to 
that outcropping beneath. The upper surface of the drab 
limestone shows a bluish clay, a geest, three to six inches 
thick. Overwrapping this limestone of the Otis type, recurs 
the earthy limestone already described. 
The summit of the section is formed of a peculiar pinkish 
limestone, cemented of small calcite crystalline grains, rather 
loosely coherent, which produce a somewhat oolitic appear-
ance on weathered surface. This forms a lenticular mass 
about twelve feet long and five feet thick, from which a sur-
face layer of the same material extends up stream for half a 
rod. This pink, crystalline limestone is separated from the 
brown limestone beneath by a thin . selvage of plastic, bluish 
clay. 
The general horizon of the outcrop is unmistakably near 
the base of the Wapsipinicon stage of the Devonian. The 
brown, earthy limestone is clearly Independence, of the facies 
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of the calcareous beds at Kenwood, Linn county. The brec-
ciation it displays has been described under the so-called first 
or lowest phase of the Fayette breccia in Linn county. The 
section at Kenwood, above Cedar Rapids on Indian creek, 
shows on a large scale similar channel cutting and contempo-
raneous erosion and similar irregularities of deposition. The 
lens-like structures of the lighter limestone are altogether 
similar to those of the Otis limestone as seen in Linn county, 
and its facies and composition is of that substage. 
15. TP. 80 N., R. III W., SEC. 4, NE. J«. 
The most northern outcrop of the pink crystalline lime-
stone just described was found at the locality named above in 
a road section, at about the hight of the summit of section 
No.3, described on a previous page. 
FEET. 
2. Quartz, highly vesicular, resembling nodules in Inde-
pendence. . . . ............................ . ...... t 
1. Limestone, massive, crystalline, pink, gray and drab, 
in places forllling a tine grained saccharoidal "sand 
rock," in places a mass of interlocking CI'ystals 
about one-eiglh inch in diameter. In the midst of 
this ledge are many masses and fragments of black 
flint. Fragments are also seAn of buff and drab 
close textured laminated limestone. These are most 
numerous immediately below the upper silicious 
layer, No. ?, but occur even to the base of the sec-
tion. Some of these limestone fragments are clearly 
imbedded fragillents . [n places on the hill other 
masses seem to be disintegrated portions of a layer 
or lenticle .............................. " ......... 15 
16. TP. 80 N ,R III W., SEC. 23, SE. J« OF SW. ~. 
The variant and abnormal dips of the Gower limestone of. 
this interesting section at the crossing of Rock creek on the 
Tipton-Rochester road have been already noted. In almost 
immediate contact with these highly tilted strata of the 
Silurian lie nearly horizontal beds, which on lithological 
grounds we have referred to the Devonian. On the right 
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bank of the creek and above the bridge the following sequence 
is seen: 
FRET. 
3. Limestone, masRive, macrocrystalline, rough surfaced 
on weathering, buff, rapidly effervescent in cold 
dilute acid, dipping from 5° to 10° SE.... . .. . . . .. .. 3 
2. Not exposed....... .. . .... .. . ............ . ........... 4 
1. Dolomite (Gower), laminated, crvstalline, lying at 
angles exceeding 45° to creek, estimated ........... 30 
Below the bridge on the same side 'of the creek the Gower 
gradually descends and the overlying strata correspondingly 
thicken. No beds of Coggan type were noted. Opposite an 
old mill a few rods below the bridge the ledge is more accessi-
ble, and presents the following section: 
FEET. 
4. Limestone, briskly effervescent, irregularly bedded, 
in part massive in bed five feet lhick, without trace 
of stratification and with imbedded fragments of 
finp grained, yellow magnesian limestone. Abut-
ting on this in places, limestone, drab and dense, 
weathers to layers ahout one inch thick. Else-
wbere it appears in heavy courses two feet thick, on 
fresh surfaces showing lines of lamination picked 
out in different tints, highly crystalline, pink and 
yellowish green in color. Upper layers are brown-
ish, macrocrystalline, as if compacted of crystal-
line grains ...... . . ... ........ _ ... _ ................ 11 
3. Limestone, reddish, crystalline, saccharoidal, approxi-
mately horizon tal, briskly effervescent, in two layers 2 
2. Contact of Nos. 3 and 1 not observed. 
1. Limestone, Gower, dipping 30° SSE.; by barometer. 20 
The facies of this pink crystalline limestone is very similar 
to some found in the Otis at Cedar Rapids, below well marked 
outcrops of the Independence, and it is to the Otis, there-
fore, that it is referred, together with the various limestones 
associated with it. 
SECTIONS OF THE UPPER DAVENPORT. 
Higher beds of the Devonian than those already described 
outcrop along the right bank of the Cedar b~low Rochester. 
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At this village the highest ledges seen in the bluffs belong to 
the Lower Davenport. Three miles due south these beds have 
sunk to the level of the upper terraces of the river. The fol-
lowing section is seen in an abandoned road in Tp. 79 N., R. 
III. W., Sec. 23, Sw. t of Se. t : 
SECTION 17. 
FEET. 
3. Limestone. hard, tough, gray, a coquina of minute 
fragments of shells, valves of Gypidula comis. Owen. 
very abundant. ten individuals being connted on It 
surface 6 inches square. Upper Davenport......... t 
2. Breccia, fragments large, non· fossiliferous, up to oue 
foot iu diameter, and uear surface oue noticed 2£ feet 
long and 1 fooL thick. In several places the matrix 
is abundant and contains sparce, small fragments. 
Lowcr Davenport ............... : . .. . . . . . . . . . .. . . .. 6 
1. Breccia, fragments dark drab and mostly small, those 
with diameter of four inches being exceptional. 
Matrix abundaut. coarser grained than fragments, 
and of a light yellowish color. Lower Davenport.. 2t 
18 TP. 79 N., R. 1II W., SEC. 26, SW. X( of SE. X(. 
A mile south of the exposure last described, the Lower 
Davenport appears at the level of the present flood plain, at 
the base of a hill fronting the river. Three feet are here seen 
of finely laminated limestone~ brownish drab, with conchoidal 
fracture, the laminre often curved. On the hillside to the 
northwest an old quarry shows ten feet of tough, hard lime-
stone, drab and gray in color, irregularly bedded, in part a 
coquina, and fossiliferous. The following brachiopods were 
collected: 
&'ypidttla comis. Owen . 
Strop/zeodonta demissa, var, plicata, Hall. 
Atrypa retiwlaris, Linn, winged. 
Atrypa aspera, val' , occidentalis, Hall. 
Rlzync/zonetla intermedia, Barris, (?) immature. 
Spirifer pennatus Owen 
19. IOWA TOWNSHIP, SEC. 35, N. ~. 
Here is exposed in the roadway a highly fossiliferous 
stratum, although the number of species represented is :not 
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large, A somewhat higher horizon is indicated than that of 
the quarry just described. Spi1'~fer pennatus, Owen, in large 
specimens, Or'this iowensis, Hall in its ordinary form not 
approaching O. macfarlanei, Meek, Stropheodonta demissa of 
the large normal type, Atrypa 1'eticulm'i s and A. aspera were 
the only species collected. 
20, QUARRIES NORTH OF AT ALISSA , 
The highest Devonian (>xposures in the county are found a 
few rods north of the Muscatine county line on the right 
bank of the Cedar one mile and a quarter southeast of the 
outcrop just described. In the channel of a small creek near 
water level in the river the Lower Davenport appears in 
typical hard, dense, brown , non-magnesian limestone, in 
laminre from a fraction of an inch to two or three inches in 
thickness. Only one foot is here exposed, but a little dis-
tance up stream and about ten feet higher there outcrops one 
and three-fourths feet of tbe same lithologic type, but here 
brecciated. The matrix is scanty but distinct, and the frag-
ments are many of them parallel and in places still in juxta-
position. Across the creek and about twenty-five feet higher, 
two small quarries h::,tve been opened in the overlying fossil-
iferous beds. In tbe western of these, eight feet of fossilif-
erous, light gray limestone are exposed in layers from one to 
two feet thick, more or less irregular in bedding and 'lentic-
ular, intercalated with highly fossiliferous sbaly limestone 
layers six inches thick. In abundance of the species repre-
sen bed Orl'this iowensis ranks first, Atrypa 1'eticularis, second and 
Spi1'ifer pennatus third with about one-third as many speci-
mens as the species first named. Besides these occur Atrypa 
aspera occidentaUs, St1'(lpheodonta demissa in normal form and 
in the smaller quadrate and strongly plicated variety, Orania 
crenist1'iata, Hall and PhilliJpsast1'ea bi llinqsi, Calvin. 
The floor of the quarry adj'acent to the east lies eight feet 
lower than that of the one last described. 
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4. Limestone, hard, compact, gray and buff, mottled, in 
layers from 2 to 4 inches thick, overlain with red 
FEET. 
g~est ........................................... , It 
3. Limestone, shaly, yellow ................... . ....... , t 
2. Limestone, yellowish drab, splitting into irregular 
layers from 2 to 6 inches thick. . . . . . . . . . . . . . . . . . . .. 3 
1. Limestone, tough, hard, gray, evenly bedded, resistant 
to weathering in two or three layers ... " ........ ' . 3t 
All these layers are fossiliferous, but owing to the hard-
ness of the stone specimens GLre difficult to disengage. 01'this 
mac/artctnei, was observed in No.1 and Spilri/er pennatus in 
No.4. Chipstone of the quarry supplied specimens of Gypi-
clula comis, St1'Opheoclonta demissa, var. plicata, an Acervula-
via and Phillipsastlrea billinqsi, Calvin, Ptyctodus calceolus and 
°YJ'tocems. 
About thirty-five feet above the base of the hill layers of 
a comparatively barren limestone have been opened up. In 
the five feet here exposed no fragments large enough to 
identify were found. The stone is yellow, breaking up into 
chipstone. 
The Carboniferous. 
Sandstones which probably belong to the Coal Measures, to 
the Des Moines stage of the Upper Carboniferous, are found 
at a nnmber of localities over the county, but each in a very 
limited area. Those on Clear creek were described by the 
writer in volume III of the reports of the present Survey, 
p. 121. In all these outliers the sandstone js of moderately 
fine grain, and of various tints of buff and reddish brown, 
rather friable, but with indurated surfaces, either by sec-
ondary deposit of silica, or by deposit of the ferric oxides. 
Ledges very seldom appear, scattered bowlders of disinte-
gration along hillside or in some draw being alone in evidence. 
Commonly these are found well down in present valleys, and 
in one instance on the level of the flood plain of the creek. 
The location of several of these is sufficiently well shown 
on the accompanying map, and doubtless there are many which 
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are not thus recorded. One outlier deserves perhaps more 
definite mention, that on Rock creek, Tp. 79 N., R. III W., 
Sec. 1, W. t . Here on the outer edge of the flood plain a 
branch has cut through some two or three feet of a laminated, 
gray and reddish, friable sandstone, indurated on exposed 
surfaces with purplish brown crusts of ferric oxide, and con-
taining in places finely comminuted fragments of brachiopod 
shells, too small for identification. In the midst of the lam-
inated sandstone occurs a layer four inches thick, which con-
tains numerous pebbles of clear quartz up to six inC'hes in 
diameter, and of irregular form and smooth surface. Below 
there is exposed a few inches of fine, bluish, non-calcareous, 
plastic clay, destitute of fossils. 
The story which is read in these outliers is of special inter-
est. After the deposit of the rocks of the Devonian, this area 
was slowly lifted from the sea and during the Mississippian 
suffered long erosion. With the incoming of the Des Moines 
stage. a subsidence brought the waters of the Carboniferous 
ocean either far outspread over the area, or, at least, passing 
far up the river valleys of the time. In either case, siliceous 
sands were laid down in these valleys, unconformable with 
the country rock, and it is these sands which are here and 
there brought to light by the present streams. 
The Pleistocene. 
PRg-KANSAN AND AFTON IAN. 
The ground moraine of the earliest of the great ice sheets 
which invaded Iowa in Pleistocene times is, in Cedar county, 
buried out of sight beneath later glacial deposits. In other 
-counties, where it is exposed by erosion and its physical char-
acteristics have been noted, this stony clay is a dense till, 
nearly black in color when moist. In well drillings and well 
records it can hardly be discriminated from the deep, unweath-
ered Kansan till, which normally succeeds it, unless they are 
separated by the silts, the soils, or the vegetal deposits of the 
intervening interglacial epoch, the Aftonian. According to 
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some of the well-drillers of the county, such old soils and peat 
beds, recognizable by their dark color, their texture and odor, 
are sometimes met with, especially in the" deep country," 
as the well-men term it,-the deep, preglacial, buried channel 
of an ancient stream, known in this report as Stanwood river. 
It is said that these vegetal aacumulations are found in the 
the midst of the blue till, dividing it into two members, of 
which the lower, the pre-Kansan, is the thicker. 
In the record of the well at the tile factory at Stanwood, 
two blue tills are parted by sands, which may correspond to 
the Aftonian gravels: 
THICK' 
NO. NESS. DEPTH. 
9. Yellow clay, Loess.. ... .. . ...... .... . .. 20 20 
8. Blue muck, Ashen loess. . . . . . . .. ..... . .... 7 27 
7. Green, bright, hard clay. .. . ... . ........... 1 28 
6. Yellow clay, Kansanr ................ : .... .. 7 35 
5. Blue clay, pebbly, Kansan.... ... . . ...... . . 65 100 
4. Sand with fragments of wood, first five feet 
very fine. coarser below, Aftonian ... .... " 15 115 
3. Blue clay. hard, pebbly, Pre·Kansan . ....... 65 180 
2. Sand.... .. ......................... '" 116 296 
1. Clay. black, hard , tough, dries like shale. 
(Maquoketa shale).. . . . . . . . . . . . . . . . . . . .... 44 340 
THE KANSAN DRIFT SHEET. 
The Kansan drift extends over the entire county. In the 
Kansan areas it is reached by every gully which descends 
below the loess. It underlies the Iowan drift plain and 
forms the nucleus of the paha hills which rise upon it. 
Indeed, few exposur~s of till are found in the county which 
upon grounds of physical characteristics can be referred to 
any other formation. 
In its normal aspect the Kansan till is a dense clayey till, 
jointed, and bluish drab in color. Pebbles a fraction of an 
inch in diameter are plentiful; cobbles and bowlders are rare, 
except where, as in the immediate vicinity of streams, the 
till has been washed. It effervesces freely in acid from the 
considerable amount of limestone flour and meal it contains, 
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derived from the grinding of calcareous rocks in the glacial 
mill. But so deeply is the Kansan decayed since the remote 
age of its depositi.on that few exposures are found in the 
county where it presents its normal unweathered facies. 
Two such sections are here given: 
SECTION ON CREEK, TP. 82 N., R. IV W., SEC. 30, NE. J.{ OF NE. J.{. 
FEET. 
6. Alluvium, on flood plain, sandy ... ... ........ ... ".. . 2 
5 Sand, with some clay and au occasional pebble.. . . . . . ! 
4. Clay, loess-like, gray, non-calcareous, with ferrugin-
ous concretions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2t 
3. Sand and gravel..... .... . .. ....... ....... ........ . t 
2. Till, brown, jointed, in rhombic blocks, leached of 
lime for ten inches from the surface, graduating 
into No. 1........................................ 2t 
1. Till, blue, calcareous pebbles small, those of chert 
and limestone numerous, some of coal; cobbles few, 
one of pink granite undecayed; cobbles in creek 
washed from this till, chiefly greenstones, a num-
ber faceted . ...................................... 5 
SECTION ON CREEK NORTH OF BENNETT, TP. 8, N. , R. I W., SEC. 33, SE. U OF NE. J.{. 
FEET. 
4. Humns, on sideof low hill.'.......................... i 
3. Till, brownish yellow, calcareous to within one to 
two feet of the ground surface, in places carrying a 
moderate number of large pebbles; a few discon-
tinuous thin veins of sand near base..... .. .. . .. . .. 3 
2. Till, brownish drab, calcareous, cruml:>ling readily in 
hand when moist, not jointed, of the same constitu-
ents as No.1, and graduating upward into No.3 ... 21 
1. Till, typical unweathered Kansan, dark drab, trav-
ersed by joint cracks at distances of a few inches, 
hard, dense, predominately clayey, containing many 
small pebbles, rarely so much as an inch in diame-
ter, a few fragments of coal observed, graduating 
into No.2; to water in creek....................... 6 
A few feet above this section gray loess appears on the 
hillside, overlai.n with loess of the ordinary buff type. 
With such rare exceptions as these just described, the expos-
ures of the Kansan till in Cedar county are deeply and thor-
oughly weathered. By percolating waters, its constituent lime 
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and magnesia carbonates have been taken into solution and car-
ried downward to form calcareous n.odules at depths rarely 
exposed to observation. By the roots of trees and grasses 
and growing crops, they have been carried upward and built 
into vegetal tissue. The texture of the till has been altered 
by frost and by decay so that it crumbles readily into small 
particles. Still more conspicuous are the superficial changes 
due to the alteration and the accumulation of the iron com-
pounds of the till. To a depth of from six inches to two or 
three feet, the Kansan on certain areas has been so heavily 
rusted that it has turned to a deep terra cotta red, and to 
this zone of marked ferrugination Bain has applied the felicit-
ous term, the ferl'etto. 
Below the ferretto lies a zone in which the till has weathered 
to reddish yellow, to a yellow distinctly brighter than that of 
the loess, and to brownish drabs which pass by insensible 
gradations downward into the bluish drab of the unaltered 
till. These changes due chiefly to oxidation are most pro-
nounced where the access is most ready to waters charged 
with atmospheric gases. They are least where the till is 
densest and most impermeable. Thus even where the mass 
of the till is unaltered and of normal color, a film is 
embrowned along the faces of each joint crack, and seams of 
sand are reddened by rusting. 
The f81ntto. The significance of the ferretto of the Kansan 
drift was not fully weighed until the recent work of Calvin 
and Bain on the glacial deposits of Iowa. It has long been 
known that the deep red soils of the United States south of 
the glacial border, the terq'a 1'088((; of southern Europe, and 
the laterite of the Dekkan, were formed by the decay and 
oxidation, through vast· periods of time, of rocks and clays 
containing :iron in some of its compounds as a constituent. 
But the salient fact had not been seen that, were the loess 
removed(from the upper Mississippi valley, there would be 
brought to the light over much of the Kansan area a soil as 
vividly colored as the red soils of Tennessee and Georgia. 
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Taking it for granted, then, that the ferretto is a true te?'1'a 
?'ossa, a red qeest formed on the Kansan Drift, by secular 
decay, the thickness of the ferretto becomes a measure of 
the length of time during which the Kansan was exposed to 
the weather between the time of its deposition and that of its 
covering with the mantle of the Iowan loess. That this time 
is exceedingly long and can be measured only in tens of thous-
ands of years is seen in the fact that the Iowan and Wisconsin 
drift sheets, whose origins are so remote that they must be 
reckoned in milleniums are still comparatively unleached and 
unrusted. 
Emphasis should be placed, however, not so much on the 
comparatively narrow zone of greatest ferruginous accumu-
lation, where the clays are dyed the dep-pest of terra cotta 
reds, as upon the wider zone in which the primitive color of 
the till is more or less altered by oxidation. The former 
depends upon other factors besides the lapse of time, and is 
not wholly a measure of the length of subaerial decay. It is 
prorluced also by the accumulation of ferric oxides in certain 
strata to which they have been brought by the movement of 
ground water. Thus from the porous loess there must be a 
continuous carriage of these oxides downward to the less 
permeable clays of the Kansan beneath. Even the basal 
layers of the loess are in places similarly affected, and thus 
in the midst of the silt an ancient weathered surface may be 
simulated. The deceptive appearance of a buried soil is 
added sometimes by the accumulation in the same way of the 
black oxide of manganese. In the alluvial clays of the creeks 
of the county a bright red ferretto not infrequently is seen to 
develop upon an impermeable clay lying beneath heavy 
humus. 
The geographic distribution of the ferretto - using the 
word in its narrower sense-depends upon much besides age. 
The relief of the region is an important factor. In Cedar 
county it is not found on the Kansan drift except on hillsides 
where the local relief is considerable. On level tracts, and over 
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gently undulating country, the Kansan till is yellow or red-
dish yellow in color, but the deep red ferretto is absent. On 
the other hand, it is seldom wanting wherever the Kansan is 
deeply dissected, as west of Clear creek, north of Bennett, 
and in the rugged country about Plato and Cedar Valley. 
This marked difference seen on surfaces of a single drift sheet 
cannot be due to local difference in age caused by difference 
in rate of erosion in the two topographic districts. It might 
be conceived that where the relief is greatest and the present 
drift surfaces are the youngest, the red ferret to would have 
been removed as fast as formed, since erosion has been there 
most rapid, and that it would lie the deepest and reach its 
darkest shades of color on the level tracts where the pro-
cesses of removal are most slow. But on the contrary it is 
where erosion is least that the red ferretto is absent, and 
where its agents are most active that it is thickest and 
reaches its deepest dyes. 
A control which suggests itself for this distribution of the 
deep red ferretto is that of the movement of ground water. 
It is on level or gently rolling tracts that ground water will 
remain comparatively stagnant and its level comparatively 
high. It is here that the oxidation of ferruginous constitu-
ents will be longest delayed and therefore the ferretto slowest 
in forming. On the other hand, on the steep hillsides of well 
dissected districts the movement of ground water is rapid. 
With every alternation of wet and dry weather alternate 
couches of water and air descend through porous soils, and 
the processes of oxidation are accelerated. Not only will the 
oxidation of the till be carried to its highest degree, but there 
will be effected a relatively large transference to it of the 
iron of the loess above. 
As a subordinate factor the relative thickness of the loess 
is worthy of investigation. It may not be found to obtain 
elsewhere, but in Cedar county there is some connection, 
which may in part be a casual one, between the red ferretto 
districts and the exceptionally heavy loess which covers 
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them. To what extent the iron of the ferretto is derived 
from the superjacent loess is undetermined. 
Applying the term ferl'etto to the wider zone in which 
oxidation of the till has been effected to any appreciable 
degree, the factors of relief, movement of ground water, and 
superior terrane, become wholly secondary, and its cause can 
only be a subaerial secular decay. The ferretto thus becomes 
a demonstration of the long interval between the Kansan ice 
invasion and the later ones known as the Iowa.n and the 
Wisconsin, and therefore of the diversity of the Glacial 
epoch. 
The Kansan has been superficially affected by the action of 
water in two ways, complementary each of the other. By the 
removal of the finer ingredients of the till there is left a thin 
zone, oftenest seen on the slopes leaoing down to streams, in 
which pebbles are more numerous than in the till beneath. 
And by a deposit of the finer ingredients washed from the till 
there results a reddish clay containing more or less sand and 
gravel, usually not over a foot thick, graduating into the 
overlying loess, with whose formation it probably was con-
temporaneous. 
A specialfacies of the Kansan may be mentioned, one devel-
oped near the surface, a gray, stony, non-c!1lcareous clay, 
often with a slight greenish tint. 
A typical section is that of Tp. 80 N., R. IV W., Sec. 15, 
Swi: 
27 
FEET. 
2. Loess, vertical thickness to summit of hill ......... . .. 10 
1. Till , whitieh, flaky , pebbles rare, a stiff clay contain-
ing considerable sand . Contains so little iron that it 
changes color but slightly.uefore the blowpipe. Upper 
surface reddened to a depth of one to three inches, 
and in plalles forming an ocherous crust by infiltra-
tion from above . Transition to loess abrupt. Ex-
posed in road a vet·tical distance of. ... .. . . .. . . . . . .. . 5 
T P. 80 N .• R . I W .• SE C. 4. NW. ~. 
FEET. 
4. L'less, exposed at cut about twenty feet below top of 
hill . .. .. .. ... . ... . ..... . .. . . ... ... . . ... . . . .... . ..... 3 
• 
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FRET. 
3. Red ferretto of Kansan till . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
2. Till, gray, in places slightly greenish, mottled buff 
where more sandy, a stiff, flaky clay, reddening but 
slightly on heating.. .. . ... .............. .. .. ... . .... 2 
1. Till, yellow to base of expOSUlfL. . . . . . . .. . . . .. .. . . . . . . 4 
Nos. 1, 2 and 3 are wholly alike in absence of lime, and in 
kind and size of included pebbles. These are for the most 
part small, those over three inches being rare. Limestones 
and cherts not abundant. Small greenstones common and 
often faceted and scored. 
The following exposure is exceptional, in that it shows a 
calcareous till overlying the gray clay described: 
TP.81 N., R. II W., SEC. 16, NE. >,<, ON LOW HILL OVERLOOKING BRANCH OF 
SUGAR. CREEK. 
FEET 
4. Loess, buff, graduating into No.3. .... .. .... .. .... .. 6 
3. Loess, ashen gray, with red ferruginous stains, bulls' 
eyes, and minute calcareous tubules. Toward base 
a ferretto of undulating ferruginous layers 2 to ::; 
inches wide.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
2. Till, ealcareous, yellow, cl!tyey, pebbles small. rather 
numerOIlS, limestone and flints rare, no distinct 
reddenillg of uoper surface....... .... ... . .. . ....... 4 
1. Till, gra.v , nOIl·calcareous, otherwise similar to No.2. 4 
To fi ewd plain of creek, concealed............ . ...... 5 
A few feet further down the hill the loess thins to two 
feet and the underlying till is non-calcareous. Here the 
ferretto is clearly derived by leaching from above, instead of 
by weatherin~, and the calcareous admixture in No. 2 may 
have the same origin. 
TP . 81 N. , R. I W., ON ROAD BETWEEN S. Yo SECS. 11 AND 12. 
An interesting section showing zones of ferruginous and 
manganesic accumulatiolJ. forming a ferretto. 
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FIG. 22. Section Showing Zones of Ferruginous and Manganesic Accumulation at Base of Loess. 
a. Loess, yellow. 
b. Loes8, ashen, laminated, graduating into c. 
c. Ferretto, a reddish stain on upper snrface of till, or a 
few inches below upper surface, width, one inch. 
This passes ont upon "c" as a reddish yellow, ocher· 
ous layer three inches thick, overlying and mingling 
with a thinner black manganesic zone. 
d. Stratified sand and sandy clay. Immediately below 
ferretto is so sandy as not to be plastic. 
e. Till, brown, join ted, clayey, Kansan facies. 
TP. 81 N., R. I W. , SEC. 9, NORTH ROAD. 
A section exhibiting an uncommon aspect of the Kansan 
where lime is carried downward to form calcareous concre-
tions. 
FEET. 
4. Humus .... ... .................. . .. .. ....... . ........ % 
3. Loess .................. . ..... . . . ............... ...... 2% 
2. Clay, transition from loess to till, intermediate in color 
and texture of clay. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 1 
1. Till, reddish brown, jointed, a stiff clay with no cob-
bles; its included pebbles rarely one inch in diameter, 
non-calcareous to depth of six feet where there is It 
zone of hollow. round. calcareous nodules ......... 6Yz 
Further down this hill ashen loess lies above No.2, and 
through it runs a ferretto three inches wide of limonite crusts. 
Topo(]1YJphy of the Kansan. - T he origin of the present 
topographic forms of the Kansan drift sheet will be most· 
easily understood if the entire area of the formation is con-
ceived in its initial aspect of a fairly even and undissected 
drift plain. The inequalities which need be postulated are: 
,. 
352 GEOLOGY OF CEDAR COUNTY. 
few. While the initial surface probably had the slight depres-
sions, the low swells, which are found on drift plains of later 
age, no trace has been dIscovered of the more salient features 
of glacialogic relief, such as the great morainic hills of the 
later drift. Distinct drumlinoid ridges, however, fluted it in 
places and here and there a continuous sag indicated the line 
of a preglacial river in whose valley the drift had settled by 
compression and condensation. Conceiving that the Kan~an 
area was originally, then, a plain of very slightly diversified 
relief, it follows that the present topographic contours are 
those developed by erosion. At the greatest distance from 
the streams where the work of running water is still slight, 
the initial plain remains apparently little changed. For two 
miles north of Tipton, for example, the divide between Sugar 
creek and Rock creek is a tabular narrow area so level, so 
un scored by drainage channels, that in a wet season, as that 
of 1899, storm water lingers in small pools within hailing dis-
tance of the ravines leading steeply down to the creek to the 
east. Within the city limits and for a half mile south this 
level upland, only nibbled on the edges by the streamlets, is 
a model at hand in the teaching of physiography in the high 
school at Tipton. Examples of the initial upland plain on a 
much larger scale occur on the Cedar-Wapsipinicon divide 
from Sunbury north, nearly to Clarence. This area is an 
extension of the New Liberty plain described in the report on 
the g~ology of Scott county*. This gradually passes into the 
gently undulating country of Farmington and Fairfield, and 
with a deepening of every streamway with increasing dis-
tance from the divide, passes by insensible gradations into the 
rugged region south of Lowden. 
It is in the same upland whose remnant levels have been 
mentioned, that the deep and intricate dendritic systems of 
ravines have been carved which characterize tracts of 
considerable size in different parts of the county. These 
maturely dissected regions occur wherever the upland stands 
*NortoD Iowa Geol. Surv. , vol. IX, p. 410 
• 
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high above near base levels, where the streams have been 
able therefore to cut it well to pieces. A single descrip-
tion will suffice for all these tracts,-for Center township 
southwest of Tipton, for Gower township about Plato, for 
Springfield township south of Lowden, for Pioneer township 
southwest of Mechanicsville, and for a little island of Kansan 
drift a mile north of the last named village. In each the 
residue of the original levels of the upland mav be seen in 
the even sky-line of the crests, and the initial surface may be 
restored in imagination by refilling' the valleys with the 
material which has been washed out and away to the river 
and the sea. In each the long crests of the ridges rounded to 
the weather curve are so narrow that they sometimes afford 
scant space for roadway. Rarely have they been broken up 
into detached hills by the meeting of the heads of the gullies 
which trench their flanks. Along these even winding crests 
are laid out excellent roads, smooth, well drained, and under-
lain by the loess, in dry weather an admirable elastic 'pave-
ment. Sooner or later one must descend to the level of 
creek or river, and here the road follows out on the spurs 
which buttress and rebuttress the stem lines of the divides, 
like the pinnules of a compound pinnatifid leaf. At the head 
of the ravines the descent is quite too steep for a road. 
No dubitation is permitted the raindrop which anywhere 
falls in these regions. Its easy path has long since been 
fixed for it. It courses down the steep hillside, taking with it 
a modicum of the soil; it runs down the gully into the ravine 
and out along the way of a wet weather stream to creek and 
thus swiftly on to the river. Thus these areas are incised 
with a system of drainage channels which join one another 
as twig joins stem, and branch the tree trunk. This arbores-
cent system is so complete that it would be difficult to find 
room where another ravine could be inserted, a fact painfully 
in evidence o~ roads laid out with that undeviating rectitude 
so pleasing in conduct, but so uneconomic in roads . 
/ 
\. 
\ 
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In considering the contours of these dissected uplands it 
must be remembered that the Kansan drift is here covered 
'with a mantle of loess, and that it is in this soft yellow silt 
that the ultimate branches of the erosion system are devel-
oped. The loess was laid down, however, after a large por-
tion of the dissection, of the upland had been accomplished. 
It follows down the till slopes of hillsides, and the undis-
turbed lamination of it within a few feet of the present flood 
plains proves that its presence there is Dot due to creep. 
FIG. 23. Loess·Kansan landscape soutb of Lowd en. 
Indf'ed, some considerable part of the excavation of these 
valleys is pre-Kansan, if not preglacial. For where they are 
cut in rock, till rests on the long decayed rock with its mantle 
of geest descending tv the water way with a slope and sur-
face apparently unaltered by ice invasions. 
A. characteristic loess-Kansan landscape with spatulate 
ravilles is presented in figure 23, but as with much of the 
work of the camera, the impression is lost of depth of valley 
which is received in the presence of the object. 
The larger portion of the Kansan is much le.ss deeply and 
intimately dissected than the areas we have described. Here 
the drainage system is indeed complete, the whole area is 
• 
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reduced to slope, but these slopes are gentle. The rounded 
crests of the undulations too low to be called hills, reach the 
initial level of the upland in which they have been carved, 
and thus afford an even sky-line. Everywhere the loess forms 
the subsoil, but the drift will be found at no great distance 
from the surface, except near the margin of the Iowan. 
Thus one initial plain of Kansan till but recently mantled 
with loess, gives rise according to the degree of its dissection 
by rl1ning water to the level tracts above S.unbury, to the 
gentle rolling prairie of Fairfield township, and to the maize 
of steep hills south of Buchanan. 
Advance and R etreat of the Ransan.-With variations of 
climate the front of a glacier may retreat and again advance. 
During its retreat glacier water will throw down ~ilts and 
sand upon the ground moraine laid bare by the removal of the 
ice. Upon the readvance of the ice these water laid deposits 
may be covered by another ground moraine, and the stratum 
of stratified silt interbedded between the glacial tills, forms a 
lasting record of the backward and forward movements of the 
ice front. The only instance which so far has come to the 
notice of the Survey in the case of the Kansan, was found at 
Carey's quarry south of Tipton (Tp. 80 N., R. III W., Sec. 13, 
Sw. t of Nw. t). Where the like has been seen elsewhere in 
Iowa, the upper and lower tills are so markedly dissimilar that 
they are referred to distinct ice invasions and the intercalated 
deposits to an interglacial epoch. But in this case both tills 
are Kansan in facies, as is shown in the appended section. 
The inference seems safe of a local readvance of the Kansan, 
although it is possible that the lower till may be an altered 
pre-Kansan, and the interstratified deposits Aftonian. 
F}{ET. 
8. Brown, stiff, sandy clay ................ .... . . , . . . . . . 3 
7. Clay, less sandy, resembling loess .......... , .. . .. . . 2 
6. Clay, reddish brown, jointed........... ..... ...... 1 
5. Kansan ferretto, reddish brown, highly oxidized .. . . t to 1 
• 
356 GEOLOGY OF CEDAR COUNTY. 
4. Kansan till, stiff, non-calcareous, jointed; pebbles 
small, few reaching 1 bach in diameter; till reddish 
yellow mottled with gray, sandy and highly oxi-
FRET 
dized at base . ............. . ... . ......... " ... ... .. 8 
3. Clay, light buff, sandy. with an occasional pebble, 
loamy, non-calcareous, merging into a gray and 
light buff pulverulent loess-like silt, in places 
stained orange and r~d, stratified, flexed and 
cru"mpled ..... "..... .. ... .......... . ............ 3 
2. Sand and gravel. heavily ferruginated, indurated but 
not cemented, dark reddish brown, with pebbles 
up to Ii inches in diameter of which the granites 
are rotten ............. ...... . .................. 2 
1. Till, non-calcareous, completely oxidized, like No.4, 
but carries larger pebbles and cobbles, small frag-
ments of coal and limonite nodules, resting on 
limestone ...•..... " ..... . .............. . 
THE PAHA. 
3 
The drumlinoid hills of eastern Iowa, loess-capped, with 
an inflexible trend from west-northwest to east-southeast, 
were named paha by McGee. 
While the work of the survey in Cedar county has certainly 
not solved the riddle of the paha, it has added some salient 
facts, which must be met by any theory of their origin. 
In distribution we may discriminate three areas on which 
paha are found: an area peripheric to the Iowan frontier, 
in part within the Iowan drift, and in part situated on the 
Kansan overlooking the Iowan plains below, and an area upon 
the Kansan too remote from the Iowan border to have been 
under the control of the glacier ice of that invasion. 
An example of the latter is found in Iowa township. The 
interstream area between the Cedar and Wapsinonoc creek 
includes flat, tabular tracts, and these may occur within half 
a mile of the river. As the upland descends below 750 A. T., 
it is traversed by long, distant, parallel swells of pahoid 
orientation. From twenty to forty feet high, they are com-
paratively broad, and their sky-line is often fairly even, 
although the eye may catch here and there the curve of the 
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convex lens. These extend into Muscatine county, where 
their origin is attributed by Udden to glacio-fluvial action 
accompanying the Illinoian invasion. Similar low pahoid 
swells are seen on tbe Kansan upland in Fairfield township, 
on the divide . between Sugar creek and the affiuents of the 
Wapsipinicon, at right angles to the ridges which would nor-
mally be produced by the erosion of a dendritic system of 
drainage. In Red Oak township indistinct pahoids flute the 
Kansan upland between Rock creek and Rocky run. South-
west of Mechanicsville the Kansan undulates in similar swells, 
numerous and well defined. 
Whether these flutings represent drumlins of Kansan drift, 
covered with an even veneer of loess, or are silt bars of loess 
laid in some ancient body of water, or wind rows of this light 
loam, or whether they are hills of erosion, the modeling or 
sculpture of their forms can hardly be referred to the present 
order of erosion, but must belong to the same order of events 
which produced the paha of the Iowan border, which they so 
closely resemble. The paboids just described have attracted 
little attention even from students of land forms. On the 
other hand the paha, which are peripheric to the Iowan, are 
among the most striking reliefs in eastern Iowa, and may well 
give name to their region, the Land of the Paha, as McGee 
has termed it. It is because they are so closely associated 
with the Iowan that they have heretofore been treated as a 
phenomenon of that drift. Where they override the Kansan 
upland, they have been classed in the cat~gory of the heavy 
loess, which fringes the Iowan as with a moraine. Where 
they rise isolated from the Iowan drift, they have been treated 
as genetically related to that ice invasion, but the paha are 
so closely associated with the Kansan on tbis border that they 
may be treated as detached portions of it, even when entirely 
surrounded by the younger drift. Within the Iowan area 
paha are limited to the margin. So far as the topogr~phic 
sbeets of the United States Geological Survey indicate, the 
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instances are rare indeed where paha are found at any con-
siderable distance from the loess covered Kansan. In Cedar 
county the interior of each lobe of the Iowan stands clear of 
paha, while they cluster in the lee of the Kansan upland and 
fringe its sides. In Bremer county unpublished notes of these 
northern paha show that they preserve there their trend, and 
affect in all instances the immediate vicini ty of the Kansan. In 
Linn a low, isolated paha. stands on the wide drift plain north 
of Marion, an exception without a parallel in the observation 
of thc writer. 
The concord in height between the Kansas upland and the 
paha which fring it may not be without significance, nor the 
fact that both alike are covered with loess. Considering 
the difficulty in distinguishing tills, it is probably of less con-
sequence that so far as seen in the few sections afforded of 
the nuclear till of paha, this has been of Kansan facies. 
From the west county line paboid hills surmount the edge 
of the Kansan from Lisbon to Mechanicsville. In the writer's 
report of Linn county, this belt of hills was termed the Lisbon 
paha ridge, a designation that the progress of the survey has 
not shown to be of any particular utility. No topographic 
contrast could well be stronger than that here brought to 
view in a walk of a few rods across the frontier which sepa-
rate the areas of the younger and older drift, when one leaves 
the low and level plain with an occasional bowlder, its roads 
black with deep humus, its fields covered with grains and 
grasses, and climl;>s the boat shaped hills to the south, crowned 
with the primeval forest of white oak and maple, the 
road yel10w with the loess, and looks down on the two con-
trasting topographies, the labyrinth of steep hills to the south, 
whose larger streams lie in broad deep valleys, and the levels 
. to the north where the same streams head in sloughs and take 
their courses in channels indenting the level of the prairie by 
perhaps less than twenty feet. Paha also skirt the Kansan 
for some three miles west of Mechanicsville, lying north of 
the tracks of the Chicago & Northwestern railroad. From 
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Mechanicsville east, a low, narrow, and fairly even topped 
ridge separates the two areas. East of Clarence the paha 
become more conspicuous, their crests standing eighty and 
100 feet above the Iowan, here descending the valley of Yankee 
run. South of Lowden paha occur abutting on the Kansan, 
'but not rising to its summit level. The line of these remark-
able hills continues east to the Wapsipinicon river, and with 
some interruptions to the Mississippi. The physiognomy 
and structure of the belt in Scott county is described in the 
report of that area in volume IX of the present Survey. 
On the north the Clinton lobe is bordered by a line of lentic-
ular hills which enter from Li.nn county and extend to north 
of Mechanicsville. They stand about forty feet above the 
plain and the county road which runs along their bases gives 
their orientation. This ridge skirts a beautiful little island 
of Kansan lying north of Mechanicsville, and in its lee to the 
southeast cluster a bevy of these drumlinoid hills, ,as char-
acter:is~igyerhaps as any in Iowa. Most striki.ng of them all 
is the one to the northeast, named Stanwood paha by McGee. 
The length of this ridge is two and one-half miles, and this 
may be increased by one mile if we may add another ridge to 
the northwe~t in direct alignment and separated by a gap of 
,only twenty'roos,-'the channel of Picayune creek. The width 
is not more than a quarter mile, and its height some ninety 
feet. The crest is slightly undulating, and the lateral slopes, 
which descend at an angle of 7°, are smooth and but slightly 
eroded. Of the terminal slopes, that to the southeast is the 
,more gentle, the ridge tailing out in this direction upon the 
marshy drift plain. The higher crests of the hill are made 
.of typical pulverulent loess. As it declines to the south-
east the loess contains disseminated grains of sand, and one 
Dr two knobs are said to be sandy. Where Picayune creek 
divides it, stratified sand of the usual type underlies the loess, 
and at the extreme northwest there is exposed in the road, 
about twenty feet above the base, ten feet of till, yellowish 
brown, rather sandy, non-calcareous, with small pebQles. By 
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analogy with other paha we may infer that till rises much 
higher than thIs, and may constitute much of the bulk of the 
ridge. There is no trace of rock nucleus. In a boring near 
the base, at the house of Mr. O. S. Burleigh (Sec. 9, S. t .H're-
mont Tp.), the drill passed through 146 feet of glacial deposits, 
mostly blue till, without encountering rock. As the well curb 
is about 830 A. T., the rock surface cannot here rise above 684. 
Stanwood paha is but one of a series of parallel hills of 
similar form which extend south to the Kansan line at 
FI G 24 . ~tanwood Paha , sout he as t end looking eas t. 
Mechanicsville. On some of these the loess mantle is thin 
reddish till of Kansan aspect appearing- well up toward the 
summits. On others the loess is wanting, the whole hill, so 
far as appears, being composed of Kansan drift. Arounu these 
hills wraps the Iowan area, often marshy to their bases. 
North of the Stanwood paha two or three short paha rise 
about twenty feet above the wide marshy flood plain of Pioneer 
creek. To the northwest across the creek lies an upland as 
high as the summits of the paha. This upland, which seems 
to have been the main path of the Clinton ice lobe whose 
vestiges remain in many large bowlders and a sandy till, 
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descends to the creek in lobes of pahoid orientation composed 
of reddish Kansan till with perhaps a thin veneer of Iowan in 
places. 
Northeast of the Stanwood paha the north margin of the 
Clinton lobe lies in Jones county. A detached paha near the 
north line of the county overlooks Mill creek from a height 
of over 120 feet. The south slopes of this bold ridge are 
lobate, and at the northwest, about forty feet below the crest, 
a till of Kansan aspect is found in excavations for cellars, the 
loess being here absent. 
In the northeast part of the county an island of Kansan 
topography, loess covered and intimately dissected, extends 
from Massilon on the right bank of the Wapsipinicon nearly 
to Oxford Mills. The margin of this upland breaks into nar-
row pahoid crests and a series of paha flank it to the south 
and southwest. Some of these, sixty feet high, are wholly 
destitute of loess and are composed of a brownish, non-cal-
careous till either accreted around a rock nucleus or at least 
resting on a rock foundation. In the Kansan upland the drill 
reaches the Niagara limestone at from 750 to 760 A. T. On 
the sides of the detached pahoids, rock outcrops at from 750 
to 780 A. T. A number of hills of this group show sand and 
loess on their summits. 
South of this cluster of paba the Iowan plain passes into 
Clinton county through three gateways, each from a mile to 
a mile and a half wide, separated by two massive ridges witb 
the orientation of paha. The northern of these is much the 
larger, and it forms one of the most interesting topographic 
forms of the state. In bulk it is king of paha, if it may be 
classed among them. In length it is over six miles, and in 
width ranges from a third of a mile to a mile and a half. On 
the south side it is well dissected or lobate and its contours 
here are similar to those of the Kansan areas well matured. 
Ramifying lobate spurs strike southwest from the central 
ridge. The crest is complex, with inosculating loess boat-
shaped bills, which rise 160 feet above the plain at the south. 
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On the northeast the slopes are more simple. The sky-line 
is shown in figure 25, a view taken from the Iowan plain to 
the north. The bowlder in the foreground, one of the largest 
seen in the county, measures 7 bv 4 feet and is of pink 
granite. 
Sections on both sides of the ridge prove a till nucleus 
which rises within at least forty or fifty feet of t.he summit. 
On the southern spur, in sections 26 and 27, Massilon town-
ship, this till exhibits the normal Kansan charactet's, being 
FIG. 25. Sky-line of pahoid ridge north of Lowden from Iowan plain to Dorth . 
a very stiff clayey till, reddish yellow in color, with but few 
cobbles, and leached of lime to a depth of seven feet from 
the surface. On the north side the roadway se<:tion shows 
the common relation of loess and till seen on deeply dissected 
Kansan regions. Typical yellow pulverulent loess, weath-
ered brown superficially, is the only deposit seen for about 
thirty-five feet from· the top of the hill. At this pojnt the 
basal layer of the loess is transected-a pinkish loam, more 
or less distinctly laminated, with ferruginous concretions and 
tubules, reaching a vertical thickness of a foot or more. 
Overlying this basal loess is an irregular black l~yer of 
manganesic accumulation from one to three inches thick. 
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About fifty feet from the top of the hill a shoulder of till is 
crossed by the road exposing- ten feet in vertical measure. 
The upper one foot on which the pink loess rests is a clayey 
reddish till with sparce pebbles, passing downward into red-
dish non-calcareous till in which small pebbles are plentiful, 
but predominantly clayey. 
Little information as to the structure of the ridge was ob-
tained from well records. 
The following wells are along the crests: 
John Weibe, Sec. 21, Se. t, depth 144 feet; to rock, 85 
feet "all in solid yellow pebbly clay." (This record does not 
distinguish the loess from pebbly tills.) No sand or gravel, 
rock at 755 A. T. 
Ernest Schleuter, Sec. 27, Nw. t of Nw. t. Yellow 
clay (loess and yellow till) 40 feet, blue hard pan 1~2 feet, 
total depth 172 feet, a little sand and water at 110 feet. Rock 
surface not over 688 A. T. 
Luis Heuser, depth 222 feet; elevation of curb 810 A. T. 
Sec. 26, Se. t. 
Cbas. Kramer, Sec. 28, depth ] 83 feet; to water 180 feet. 
Parallel wit.h ridge just described lies a much shorter paha, 
which also extends from the drift plain near Clarence, and 
terminates two miles west of Lowden. Its crests are dis-
tinctly convex and reach about the bight of the Kansan upland 
to the south. 
The paba of the Tipton lobe are less numerous and striking 
than those of the area we have described. They are incon-
spicuous or absent on the ~ansan margin on the right bank 
of the Cedar, but at Buchanan several short elliptical paha 
form with their flowing contours an impressive and beautiful 
feature of the landscape. They are scarcely one half mile in 
length and rise 100 feet above the creek at their base. They 
are heavily mantled with loess, and no drift appears upon 
their sides. Three miles west of Tipton the plain marked on 
the map as Iowan forms a lobelet extending south between 
Rock creek and Rocky run. rrhis is skirted by paha and along 
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it run narrow sands ridges, some of them less than ten feet 
high, aligned with the paha of the region. 
In the immediate vicinity of Tipton there occur well within 
the Kansan, both west and south of the town, fine ridges of 
this class, but with rather flat tops. So far as the structure 
of these is shown they consist of loess underlain by stratified 
sand. In one distinct ridge of northwest-southea;;t trend 
souLh of Tipton, lines of lamination dip conspicuously outward 
as seen in fig. 26. 
FIG. 26. Stratified sand and loessid silt in paboid ridge , south of Tipton. 
No very distinct paha mark the north border of the Tipton 
lobe. In Cedar township, in especial, occur sandy ridges 
with hummocky summits and with the pahoid trend near the 
margin, and about 150 feet above the Cedar river. 
A tract at Rochester extending east to Crooked creek 
presents some difficulties in classification. Constructional 
profiles so prevail that it was a question whether it should 
not be included in the Iowan. It stands well below the 
Kansan upland to the northwest, and the parallelism of its 
reliefs is in contrast with the dendritic drainage of that area. 
The higher paha -have as usual a nucleus ~f Kansan till and 
are mantled with loess. The low parallel ridges are mantled 
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with sand and a brownish sandy clay, or consists of the same, 
recalling the aspect of the Iowan near Cedar Bluff. Though 
no bowlder dotted drift of Iowan facies was found on this 
tract, it would probably have been mapped as Iowan, had it 
been possible for that ice sheet to have had access to it. It is 
surrounded by typical Kansan areas, and it does not appear 
that the long, narrow gorge of the Cedar below Cedar Bluff 
would have made a practicable path for glacIer ICe. 
Origin of Paha.-With our present limitation and uncer-
tainty of knowledge any extended discussion of the origin of 
these unique and enigmatic reliefs would be useless. The 
parallelism of their axes at once suggests a genetic kinship with 
drumlins. Their form points in the same airection, but such 
rounded contours would obtain by weathering on any hill 
capped with so soft a silt as the loess. Assuming that they 
are loess-mantled drumlins of Kansan drift, raises the difficult 
question why they should congregate around the borders of a 
far later ice sheet. Where the margin of Iowan and of Kansan 
coincide, as about the driftless area, this may be expected, 
but surAly not where the margins are separated by the width 
of the state, as in Cedar county and west. On the other hand, 
the assumption that the cores of the paha are drumlins of the 
Iowan drift is confronted with as serious objections,-the 
involved assumption of a virtual Iowan peripheral moraine 
composed of drumlins, the presence of the Kansan drift in the 
paha, and the pahoid ridges on Kansan areas. The second of 
these could be met by the admission of the essential similarity 
of the tills of both drift sheets, and the impracticability of 
discriminating one from the other in most cases. The third 
would be avoided were the Iowan border extended for about 
fifteen miles to the south, under the. assumption that the nor-
mal topographic features of that drift sheet were here masked 
by the loess, or by the hypothesis that the direction of both 
flows was the same. 
The hypothesis is attractive that paha are eskers of loess, 
or that they are silt bars laid down wherever caught by snag 
28 
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of rock: or hill of drift. The absence of loess on certain 
pahoid hills closely associated wit.h paha seems to prove that 
the direction of their major axes was given by the constant 
and rectilinear movement of ice, rather than by currents of 
water and of wind. The presence of loess on their summits 
may be attributed to whatever causes are responsible for its 
presence on the Kansan upland. The absence of loess on the 
Iowan plain is explained by the protection afforded by i,he 
mantle of I owan ice at the time when the loess was laid down. 
The cores of the paha may at this time either have been islands 
in the mer de qlace, or, being overridden by the ice, they may 
have caused long crevasses in which, or because of which, 
loess was deposited on the summits below. 
THE BUCHAN AN GRAVELS. 
It has been discovered by Calvin in his work in Buchanan 
and Delaware counties that the retreat of the Kewatin glacier 
in northern Iowa was attended by the deposition, on uplands 
and in valleys, of heavy gravel trains which in the long lapse 
of time that has since elapsed have become reddened by rust, 
decayed, and leached of their lime. These water laid deposits 
contemporaneous with the Kansan are termed the Buchanan 
gravels. One exposure was found in the county which pos-
sesses the characteristics of this formation. 
Tp. 8, N ., R . IV W., SEC. IS. Ne. )( of Se. )( 
F E ET 
3 Clay, pale buff, with disseminated sand merging into 
No.2 .................. . ................. .... ...... li-
2 Sand, yellow, with disseminated rare pebbles. . .. . ... . . 1 
1 Sand, dark red, with disseminated pebbles. Upper sur-
face with more abundant gravel, slightly undulating 
and conforming to slope of hill . Junction with No. 
2 sharply distinct, stratified, pebble lines and lines of 
coarser sand irregular, discontinuous and apparently 
often ba('kset at angle of 60 to 80 toward hill. Pebbles 
mostly below 1 inch, but some cobbles, these angular, 
often rotten, sometimes striated and faceted, lime-
stones and cherts comparatively few. In places so 
indurated as to be cut with trowel with difficulty, 
but in general friable .. ... . .... . ....... .. ........ .. 5 
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Toward the base of the hill the red sand and gravel thins 
with a corresponding increase in thickness of the yellow sand 
above. Eight feet above the creek No. 1 is overlain bY'an 
ashen loess-like silt 20 inches thick which passes upward 
into the a yellow loessialloam two feet thick. This grades into 
the yellow sand of No.2 by interstratification. This sand at 
the edge of hill is 15 feet thick. 
In the above section we may consider No. 2 as the loessial 
sands so often found associated with the Iowan border. No. 
1 which has every mark of greater age will then fall into the 
Buchanan gravels. 
It is a noteworthy fact that such exposures are exceedingly 
rare. Sand is not common even in the immediate vicinity 
of streams, and a fine clay usually overlies the Kansan on the 
uplands. There is thus marked a considerably less slope to 
the Kansan surface at the retreat of its parent glacier in 
Cedar county and therefore a slacker drainage than that 
which obtained in the counties to the north, where the 
Buchanan was first studied. 
THE roWAN DRIFT . 
Just west of the Linn county line the Iowan drift sheet 
divides, one lobe- that designated in this report as the Tip-
ton lobe-passing south along the left bank of the Cedar and 
the other and larger-the Clinton lobe-extending across the 
northern townships of the county. In the latter the Iowan 
drift reaches its greatest extension to the southeast. 
The topography of this drift sheet in each of its lobes in 
Cedar county corresponds with that of other areas described 
by Calvin in the reports of the present Survey and in his 
monograph upon the subject in the Bulletins of the Geological 
Society of America. 
On a well nigh featureless plain of glacial till, which slopes 
gently to its borders, or ~t least to its border on the south, 
the streams have cut shallow troughs. Interstream areas 
are so largely undrained that some ponds still survive tIle 
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gradual decrease of ground water during recent decades. At 
the time of the settlement of the country sloughs were com-
mon, and large tracts were so marshy that the occupation of 
this portion of the county was considerably delayed. These 
initial depressions have nearly all yielded to ditch and tile, 
but a few shallow ponds still linger in wet weather, one at 
the edge of Mechanicsville, and others on the plain west of 
that village. 
Bowlder-s.-The bowlders of the Iowan area in Cedar are 
neither so large nor so numerous as those left in Delaware, 
Buchanan and Bremer counties by the Iowan ice field, but in 
these repects they resemble those of the Marion till plain in 
Linn, with which the lobes in Cedar are continuous. The dis-
tribution is far from uniform on either lobe. They are rarely 
seen on the Clinton lobe, from the Linn county line, as far east 
as Clarence. Thence to Clinton county they are more plenti-
ful, and they are specially numerous in the lobelet southeast 
of the village, where they may be counted by the dozens, 
many more than three feet in diameter. 
On the Tipton lobe they are, on the whole, more common 
than on the northern area, as perhaps would naturally follow 
from its lower altitude and connection with the great drain-
age channel of Cedar ri ver. They are specially numerous north 
and west of Cedar Bluff. In the interior of the lobe, from 
Cedar Bluff to Tipton, they do not impress one as being more 
numerous than the Kansan would probably show, were the 
loess removed. 
The natural habitat of the bowlder is the low ground of 
swale or meadow. Rarely are they seen on hilltop or high 
on hillside. From their natural "station" they have been 
largely removed to the roadside, a place most convenient for 
the farmer and for the passing geologist. Many also have been 
buried to make way for the mower, and many have been built 
into abutments for bridges and foundations for barns and 
houses~ In a few decades these important witnesses to the 
Iowan ice invasion will be beyond reach of ready summons. 
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Lithologically they are for the most part of a pinkish or 
flesh colored granite or gneiss. Traps are not uncommon, 
and the reddish crust which forms upon some of them by.the 
rusting of their ferro-magnesian constituents sometimes takes 
the tinge of the pink granites when seen at a distance. 
The bowlders are usually more or le<;s rounded, at least on 
exposed faces. In other words their form is that of bowlders 
of disintegration. This process is uninterrupted. Crystals 
of feldspar, flesh red and flat faced, are ever being detached 
and scattered at the base. But so exceeding slow is the 
process that it is reasonable to suppose that these rounded 
forms were assumed by long weathering on their parent gran-
ite ledges in Minnesota and Wisconsin, whence they were 
brought by the ice, the earliest emigrants into the state. 
Where large Iowan bowlders have been broken up, it is 
often found, according to Calvin, that they rest comparatively 
near the surface of the ground on surfaces planed by the abra-
sion of the rocks over which they have been dragged by the 
ice. Smaller stones so planed and scored are sometimes so 
set that the surfaces affected are exposed to view. Such 
bowlders cannot belong to a superglacial drift, unless they 
were thus beveled on their parent ledges before their journey 
to Iowa was begun. 
Little is seen on either of the lobate areas of the Iowan of 
typical pale yellow, clayey, calcareous till , described by those 
who have studied the Iowan in the counties to the north of ' 
Cedar. The following is the only instance within the areas of 
a till which when tested reacted for lime within the depth of 
the exposure, and this was found below a layer of loess: 
CUT ON B. , C R & N. RY .. TP. 8, N. , R. III W .. SEC. 34 Sw U. 
FEET. 
5. Humus, and humus colored sandy clay .............. 4 
4. Sand , pale yellow. moderately fine ............ . .. " . . 1 
3. Clayey sand, reddish brown.. . . . . . . . . . . . . . . . . . . . . . . . . t 
2. Loess, buff..... . . . .. . . . ............... ........... .. 2 
I. Till, sandy above, clayey below, calcareous, destitute 
of bowlders and cobbles, rather loamy and loose 
of texture and r~sem bling loess in color. . . . . . . . . . 3 
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But over large tracts there lies a deposit which seems 
eminently characteristic of the Iowan, though not yet recog-
nized as such so far as is known to the writer. This is a sandy 
till with many pebbles and cobbles, and an occasional bowlder. 
It is traced in sandy humus and is corelated with the sands 
which near the Iowan frontier underlie the loess. 
It is in the pr'evailingly arenaceous nature of its deposits 
that the Iowan stands in conspicuous contrast with the Kan-
san. Sand is rarely seen on Kansan areas, except near 
the frontier of the younger drift. Even along water ways the 
loess usually graduates downward into a reddish clay which 
rests upon the ferretto of the till. But near the border of the 
Iowan the loess passes downward by interbedding into heavy, 
yellow, stratified sands. This peripheric sub-loessial sand is 
one of the most valuable means of tracing the border of the 
Iowan ice from which the streams bearing these sands were 
discharged. 
With the exception of this superficial arenaceous layer the 
till exposed on Iowan areas has not been discriminated from 
the Kansan by the writer. It is not to be expected that tills 
of different ice invasions will be so markedly unlike that their 
age can be told by their structure and composition. And it 
may be assumed that an overlying drift sheet will contain 
much material reworked from the older one subjacent. It is 
not proven therefore that the clayey till resembling Kansan 
on those areas referred to the Iowan does not belong to thE: 
Iowan stage. A few typical sections of the drift of these areas 
are now given. 
FREMONT TOWNSHIP, SEC . 4, Se. ~ OF Ne. J{. EXCAVATION FOR CELLAR. 
FEET. 
4. Humus................... . ... ...................... 1 
3. Humus colored sandy clay. .. .. . .... ... . .. . .. .... ... ! 
2. Clay, sandy, stiff, hard......................... ..... It 
1. Till, non·calcareous, reddish yellow, predominantly 
clayey, pebbles smalL................. ......... 2 
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At a well a few feet distant, blue, hard, stony clay was 
struck at a depth of twenty-four feet, sand fourteen feet thick 
at eighty-eight, and rock at 120, overlain with blue clay. 
LINN TOWNSHIP, SEC. IS, Nw.~. AT BR IDGE OVER WET WEAT HER STRE AM. 
F EET. 
2. Humus and humus colored sand. . ... .. . .. .. . . . ... .. 2-! 
1. Till, yellow, predominantly clayey. non-calcareous, 
pebbles small and comparatively few, forming a 
vertical wall of stiff clay. . . . . . . . , . . ... .. . .... . . 2 
In the bed of the gully lay four bowlders, three of them 
granite, from one to two feet in diameter. As bowlders lie on 
the surface in an adjacent field, it may be taken that these 
belong on top of No. 1. 
D AYT ON T OWNSHIP, SEC. 14, Ne. ~ OF Ne. ~. 
At the quarry at this locality on Mill creek a pit five feet 
in diameter contains tills of distinctly different appearance, as 
shown in figure 27 . . 
FIG. 27. Cav ity for med by wea th ering a nd fille d with dri ft. 
C Lining the cavity formed by weathering is an unctuous 
clay of finest grain, formed by decompcsition of the 
adjoining rock and is preglacial. 
g Less d ~rk in color, and containing rare pebbles of the 
drift. is also a residual clay, somewhat kneaded by 
glacial action . 
i A yellowish brown, sandy till, and from its composition 
and place in the pit may be regarded as Iowan. 
k A rounded mass of till, reddish brown, clayey, containing 
rotten pebbles, evidently a bowlder of Kansan till 
thrust by the Iowan glacier into the piL. 
s Rounded masses, ten inches in diameter, of yellow-brown 
sand handled when ina frozen condition by the lowan 
glacier. 
l Fragment of adjoining limestone. 
It Humus. 
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The Tipton Lobe. -The rock surface beneath this area is 
much more uniform than that beneath the Clinton lobe, and 
is everywhere found at no great depth. All the shallow creeks 
which cross the plain have chiseled their channels in the rock, 
and wells reach it from ten to fifty feet from the surface. 
On the Tipton lobe the evidence of the action of glacier 
water is specially conspicuous, and here the influence may be 
traced of the nearness of the great drainage channel of the 
Cedar. Sand is a common constituent of the soil. It is found 
in hummocky ridges and low swells, often of pahoid trend, 
and occasionally occurs, as north of Cedar Bluff, in small 
tracts of little dunes. 
This lobe presents an exception to the usual undissected 
character of the Iowan surface, where northwest of Cedar 
Bluff two creeks and their branches which head in the Kan-
san, cross it on tbeir way to the Cedar. In this limited area 
the aspect of tbe topography is abnormal in the depth of tbe 
rock-cut valleys, the widtb of flood plains, and the amount of 
dissection. The bowlders scattered over the surface and tbe 
fact that it lies in tbe direct and only patb to the typical Iowan 
area west of Tipton, are, perhaps, sufficient reasons for map-
ping this region of western Linn township as Iowan, although 
the ice berE: passed over without altering to any marked 
degree tbe lie of the land. Here no clear marginal ridge 
marks the separation from the Kansan to tbe north and it is 
hard to draw the line of demarkation except by the border 
line of the loess and the beight of adjoining Iowan areas. 
East of Cedar Bluff the Tipton lobe conforms with sufficient 
closeness to tbe normal Iowan drift plain. To the north the 
line of juncture with the loess-covered Kansan is so marked 
that it bas been followed by a diagonal road in Red Oak town-
ship, tb'e main thoroughfare from Tipton to Mechanicsville. 
The Kansan border here rises from twenty to forty feet above 
the Iowan, perhaps a little more than the tbickness of the 
loess, although tbis is here comparatively thin. To the south 
the sinuous line of forest covered Kansan hills forms an impres-
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sive frame to the broad Iowan prairie. This appearance is in 
part due to the fact that near the margin the Iowan slopes 
somewhat rapidly southward to the valleys of Rock creek and 
Rocky run. For in its central portions the prairie is as high 
as the hilltops of the Kansas upland which lies to the south 
and east. If t.he heavy loess were removed from the latter, it 
would stand at a lower level than the Iowan to a degree prob-
ably corresponding to {he general southward and eastward 
descent of the surface in the county. Thus here at least it is 
unnecessary to suppose that the Iowan ice sought out areas 
of lower ground in the preexisting land surface, or that it 
excavated that surface to any extent by its advance. The 
difference in height between Kansan upland and Iowan plain is 
due to the presence of loess upon the former. 
The Olinton Lobe-to now take up some of its characteristic 
features in detail--stretches across the northern portion of 
the county, tJ:1e line of the Chicago & Northwestern rail-
road marking approximately its southern limit. From the Linn 
county line to Stanwood the railway runs close under the front 
of t.he Kansan upland. From Stanwood to Lowden the lobate 
outline of the Iowan carries at one place nearly two miles south 
of the line of the railway. Geologic and glaciologic control 
is seldom more strikingly illustrated than here where the 
front. of an ancient glacier determines the li~e of a transcon-
tinental highway of commerce. Along the Iowan plain the 
line is run in tangents at the minimum of expense for cuts 
and fills. A mile or so to the south, across the comparatively 
hilly country of the Kansan, the expense of construction and 
of operation would have been much greater. 
Several possible causes suggest themselves of the origin 
of this plain as a topographic feature. The initial preglacial 
rock surface may have been left so slightly eroded that it has 
controlled the later deposit of drift upon it. Or, although 
deeply chiseled by erosion, it may have been leveled by the 
earlier drift by filling its depressions. And the Kansan drift 
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plain formed in either way, by the smooth veneering of a pre-
glacial rock surface, or by plastering full its depressions, 
may either have remained unscored by erosion until overrun 
by the Iowan, or it may have been closely gashed by long 
erosion, as is seen today in the deep valleyed Kansan about 
Plato, and then have been leveled by the invasion of the 
Iowan ice, its valleys filled with Iowan drift, and its hills per-
haps cut down. 
Of these different possible explanations, the one which 
seems to meet the case is that which places the present plain 
under the control of a previous drift plain of the Kansan. 
That it is not under the control of the rock surface is clear, 
since this varies widely in its relief. From Mechanicsville 
west, the Niagara lies everywhere near the surface at an 
elevation of about 890 A. T., and is disclosed by all the shal-
low creeks which cross the plain. From Clarence east rock 
is reached at a depth of a few feet. But this subsurface of 
rock is crossed in Fremont township by a deep preglacial 
valley whose rock floor lies nearly 300 feet below the surface 
of the Iowan plain. 
Nor can we attribute the plane surface of the Iowan to any 
considerable extent to either erosion or aggradation by the 
Iowan ice. The Iowan drift is typically scan ty and thin. No 
proof is found that the ice planed away preexisting bjlls of 
the Kansan. If such planation is assumed it cannot be 
granted that it passed below the weathered superficial sur-
face, for many facts go to prove that the present weathered 
zone of the Kansan is pre-Iowan, and the Kansan drift or 
drift indistinguishable from it, is often found deeply weath-
ered on Iowan areas. Nor is any proof at hand that the 
Iowan filled preexisting depressions to any considerable 
extent in the county. In the few cases in the county where 
excavatIOns have been seen in present depressions, the aspect 
of f!1e drift has been Kansan with the possible exception of a 
thin veneer of Iowan. 
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We are then left to the assumption that the region was 
originally a Kansan drift plain, left little scored by erosion 
on account of distance from local base levels of erosion, a 
drift plain diversified perhaps by drumlins, but otherwise 
resembling the level Kansan tracts about Bennett and Sun-
bury. 
The question remains as to the relative elevation of the 
Iowan and Kansan. To the traveler on the great railway 
which passes along the southern margin of the plain, the line 
of hills with their pahoid summits which marks the Kansan 
frontier at once give the impression that the Iowan occupies 
a region of lower altitude. But if the loess were removed the 
difference in height of the two drift sheets would be incon-
siderable. At Lisbon where the Iowan is highest the crests 
of the hills to the southeast overlook the plain from a height 
of only 40 feet. At Mechanicsville the difference is 60 feet. 
From Stanwood to Clarence, where the altitude of the Kansan 
decreases, the difference is from 20 to 40 feet. About Lowden, 
where the Iowan follows down the broad descent to the 
Wapsipinicon now occupied by Yankee run, the hills of the 
Kansan rise over 100 feet above the plain. Therefore with 
the exception of the eastern end of the plain in Cedar county, 
it stands little, if any, lower than the Kansan drift would 
appear if the loess, whose thickness here may be taken to be 
about 40 feet, were removed. 
The Loess. The distribution of this yellow siliceous silt 
is presented in the map of Pleistocene deposits. Its greatest 
thickness is adjacent to the Iowan margin, where it is at least 
40 feet deep. In the interior of the Kansan area drift appear-
ing on the hillsides often shows that it cannot exceed a 
thickness of ten or fifteen feet. 
The different aspects of the loess, its gracluation beneath 
into a bluish gray, more pervious, calcareous and fossiliferous 
silt, often laminated, and its weathering superficially into a 
finer and darker clay, have been fully described in the reports 
of the Survey, and no detailed account is thought necessary. 
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As in Scott county it graduates near the Iowan margin down-
ward, and sometimes laterally, into stratified sand, and on the 
Kansan passes often into a basal layer more clayey and red-
der owing to wash from the till beneath. A few sections are-
appended. 
BEALER'S QUARRY. 
FEET. 
6 Weathered loess, brown, fine of grain and in part finely 
jointed, traversed with narrow parallel sinuous bands 
which when wet show darker than the remainder, con-
forming in general direction with slope of hill.... . . . 5 
5 LoesF, typical light buff, pulverulent, breaKin~ down in 
great blocks along vertical cleavages; t.owards base 
interstratilied with thin, tortuOl13, discontinuous veins 
of fine white, orange and red sand, dipping with the 
hill. . . . . . . . . . . . . . . . . . . . . . . . .. ... ... ..... .... ....... 14 
4 Loess, fine, pulverulent. with brownish spots and lines.. 4 
3 Loes~, finely laminated, lamin oo of thickness of fine card-
board, slightly undulating. picked out by weathering 
and readily detaching in hand specimen, darker in 
color and more clayey than the loess above into which 
it graduates by imperceptible gradations.. . . . .. . . .... 7 
2 Red geest, and red till, either composed in part of geest, 
or weathered to same color , with pebbles of northern 
rocks. . ...... .. .. ................... . .... . .... .... . I t 
1 Rock, rotten. 
In other parts of the quarrv the rock is overlain by eight 
feet of till, the upper five feet of which is highly oxidized, 
the surfaces of joint blocks an inch and less thick being deeply 
stained red, the lower three feet being yellow and yellowish 
gray. Although but few cobbles and bowlders appear in situ, 
a number are left on the rock surface after hydraulic stripping" 
the largest observed being two feet in diameter. The till is 
here leached to within one foot of the underlying rock. Upon 
the till rests a distinct pebble layer one half to one foot thick, 
the maximum diameter being five inches; and upon this a zone 
of reddish clay stiffer than loess and sandy beneath, on which 
true loess rests, with distinct change of color at line of 
parting. 
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Remains of the Mammoth. Several finely preserved teeth 
-of Etephas primiqenius, the Mammoth, were found on the farm 
of A. T. WhitneU, Sec. 6, Springfield Tp. Se. i of Se. i. These 
were found in a "washout" in a small creek. Above the 
washout a bed of white alluvial clay is overlain by gravels. 
In which of these the teeth occurred is impossible to say. Two 
of them were kindly donated to the museum of Cornell college. 
ECONOMIC GEOLOGY. 
Building Stone. 
Cedar ranks easily first among the counties of the state in 
the value of the yearly output of building stone, a preemi-
nence due chiefly to the quarries at Cedar Valley and Lime 
City. Building stone of excellent quality is found widely dis-
tributed over the county and while the small quarries which 
have been opened in almost every township do not greatly 
add to the large amounts contributed by the two quarries 
mentioned, yet their value and convenience to the rural dis-
tricts and neighboring towns is greater than mere statistics 
could show. There is hardly a section in the county where a 
farmer or townsman can not get a load of cheap good stone 
within easy hauling distance. Thus in Pioneer township there 
are quarries at Peet's Mill and elsewhere on Clear creek; in 
Cedar township at Cedar Bluff and two and one-half miles 
north of that village; in Gower township at Cedar valley and 
Plato; in Center at several quarries south of Tipton; in Roch-
€ster along Rock creek; in Iowa near Atalissa; in Sugar creek 
at Lime City and a number of quarries north of that village; 
in Springfield southwest of Lowden; in Massilon along the 
Wapsipinicon, and in Dayton township near Clarence. Nearly 
all of the building stone quarried in the county is furnished by 
the Gower stage of the Silurian, the only exception being that 
of the Devonian quarries in Iowa township near the Musca-
tine county line. The good qualities of the Anamosa phase 
of the Gowe'r limestone have long been recognized and have 
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frequently been set forth in the countv reports on the coun-
ties of eastern Iowa. Its even and smooth bedding, its uni-
form grain, its comparative softness in working with saw and 
chisel when fresh from the quarry, and its hardness when 
recementation has taken place on drying, its obduracy to all 
chemical agencies of rock decay, and its resistance to frost, 
its pleasing color and the absence of any injurious minerals 
which might weaken, strain or impair its ease of working, all 
these characteristics contribute to make the Anamosa one of 
the best building stones of the West. 
Beale?' Quarries.-In value of output, and perfection and 
cost of machinery, these quarries are the most noteworthy in 
Iowa and are among the largest of the Mississippi valley. 
They are located some six miles southwest of Tipton on the 
right bank of the Cedar. The village which has sprung up 
about them is called Cedar Valley, and a spur connects with 
the Cedar Rapids-Clinton line of the Burlington, Cedar Rapids 
& Northern Railroad near Plato, about two miles northwest. 
The quarries were opened seventeen years since by Mr. E. 
J. C. Bealer, who, as a practical bridge architect, saw the 
great value of the stone at this point for bridge piers and all 
heavy masonry. The chief quarry now in operation was 
opened in November, 1894, and no expense has been spared 
to equip it with modern and effective machinery. A levee 
costing $20,000 has been built along the river front for pro-
tection against floods. Railway tracks in the quarries are so 
built that the force of gravitation is utilized to the utmost and 
no locomotive engines are required to make up the train of 
loaded cars which in busy seasons is sent out daily. The 
stripping of the quarry, consisting of twenty-five feet of soft 
silt known as loess, and less than ten feet of pebbly glacial 
clay, is cheaply and expeditiously handled hydraulically by 
means of a high duty steam pump, capacity three quarter 
million gallons per day, and suitable pipes and hose. In 
quarrying the stone ther~ are employed one single . and three 
double steam channellers and four steam drills. pne of the 
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channellers used in the quarry holds, it is claimed, the 
championship record in its line of work. "It has been made 
to cut 400 feet in five hours, and for ten hours its record is 
750 feet .. " The plant includes also four eighty horse-power 
engines, two forty horse-power, and five engines of fifteen 
horse-power, one steam pump, low duty, capacity three 
quarter million gallons daily,' and three pumps each of one 
quarter million gallons capacity, one pumping to reservoir 
and the others for general purposes. There are fourteen der-
ricks in operation, ten of which are supplied with steam hoists 
lifting from four to twenty tons each. A large machine shop 
is well equipped for repairing and rebuilding the tools and 
machinery of the plant. 
The usual force at work aggregates 100 men, constituting 
with their families an industrial colony of more than usual 
prosperity, if one may judge by appearances. They occupy 
neat cottages of good size and kept in repair, situated on 
both sides of the river and commonly with a small allotment 
of land. Most of these propertjes belong to the owner of the 
quarries, and a just pride is evidently taken i.n the sociologic 
as well as the economic success of the enterprise. 
With the present force and equipment forty-five cars per day 
can be loaded and shipped without difficulty and the full 
capacity of the plant is often taxed to the utmost. 
The output consists chiefly of ·bridge stone of three grades. 
The proprietor contracts for completed bridge piers and has 
a large force employed in their construction. Dressed dimen-
sion stone are cut in the yards and crush stone, rip-rap, rubble 
and curb stone are included in the products of the quarry. 
The quarries were opened in natural ledges fronting the 
ri ver in the face of bluffs rising about 120 feet above the 
. stream. These ledges have been quarried away over an area 
of several acres, and on the platform thus formed a pit 300 by 125 
feet has been sunk to a depth of sixty feet below the level 
of water in the river, and another of like dimensions has 
recently been opened. The lower ninety-four feet is used for 
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bridge and dimension stone, the stone becoming of finer grain 
and better quality, it is said, with increasing depth to the 
present quarry floor. Above this lies a ledge twenty-two 
feet thick used only for rip-rap, rubble, railway ballast, and 
macadam, for which it is admirably adapted. It includes hard, 
fine grained spalls, a four foot layer of hard, highly vesicular, 
crystalline limestone, and four feet of laminated limestone in 
layers from two to eight inches thick. On this ledge rests a 
bed of about twelve feet of soft earthy limestone, called the 
Coggan, wholly worthless for any industrial purpose, and 
constituting a part of the stripping. 
The quarry stone belongs to the Silurian system, Niagara 
series, and to a stage which the writer has called the Gower, 
from the township in which Bealer's quarries are situated. 
Other things being equal, a geological formation is best named 
from the locality where its industrial uses are most fully 
developed, and the coincidence of scientific with commercial 
names is desirable whenever it can be obtained. U nfortun,ately 
in the present case the stage could not be termed the Cedar 
Valley after the village, since that name has already been 
applied to a stage of the Devonian. No locality in Iowa, whose 
name is at all available, so fully represents the different phases 
of this important formation as does Gower township in Cedar 
county. 
Of the Gower limestone there are several phases, repre-
senting different modes and circumstances of deposition. 
Most important of these is the phase quarried at Bealer's, a 
laminated, light buff, granular, even bedded building stone. 
Nowhere in the state is it found of greater thicknes'3 or better 
suited to the purpcses to which it is put. As a dolomite, it 
withstands chemical decay indefinitely, while its texture 
makes it resistant to frost to a high degree. So few are open 
bedding planes that in the deep pit mentioned there were 
found but two or three pervious to water. When this exca-
vation was made, it was put down in two pits separated by a 
wall of stone left for the time unquarried. One of these pits 
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being left for a while unpumped, water stood in it twenty-five 
feet above the floor of the adjoining pit, and even under this 
head there was no seepage. 
In the distance between the bedding planes this stone dif-
fers from many outcrops of the same formation. The rock, 
however, is laminated throughout and may be split along 
these planes to layers one foot in thickness without difficulty, 
and in places to eight and nine inches. On natural outcrops 
adjacent long weathered outcrops often show close lines of 
lamination, but these are strongly coherent, beyond the usual 
. in this formation, and permit the quarrying of permanently 
solid blocks of as great thickness as caned for. The common 
size of the blocks raised from the lower part of the quarry is 
six and one half feet long and three and one quarter feet wide 
and thick, weighing each something more than four tons. 
In some of the outcrops of the Anamosa phase of the Gower 
stage there are found, especially toward the summit, thin 
layers or laminre of a compact, drab, fine grained lime8tone, 
called by workmen "flint" on account of its hardness, brittle-
ness, and fracture. Such seams are a direct injury; under the 
weather they break into small rhombic chip stone. Since 
their coefficient of expansion is different- from that of the 
adjoining layers, they tend to form in time a horizontal cleav-
age of the block of which they form a part. At Bealer's 
quarry these seems are practically absent, and the stone free 
from this element of weakness as well as of all deleterious 
accessories, can be strongly recommended as of the highest 
durability. 
Cedar Bluff.-Immediately above the bridge at this village, 
a ledge of Anamosa stone has been quarried to some extent 
for local supply. The face of the ledge is here some thirty-
five feet. The upper seven or eight feet are weathered to 
thin spalls. In the middle lies a stratum of seven feet of fine 
grained, light yellow limestone of pure Anamosa type. Below 
this the stone shows an alternation of harder and softer laminre, 
the harder being of finer grain and more brittle. The best 
29 
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building stones are said to be taken from the bed of the river 
at the base of the ledge. 
Below the village the same formation outcrops on both 
sides of the river in ledges up to fifty feet in height, showing 
the same granular laminated limestone, horizontally bedded 
in even courses, weathering in places to thin calcareous 
plates, but for the most part standing in undivided layers up 
to two feet in thickness. 
ff£cLeod's Quarl'y, Tp. 82 N., R. I W., Sec. 12, Sw. t.-On 
the left bank of the Wapsipinicon, less than one half mile 
below Massilon, this quarry shows a face of twenty-five feet 
of vesicular, semicrystalline limestone, the upper fifteen feet 
massive or obscurely bedded, the lower ten feet in rough 
layers from eighteen to thirty inches thick, all buff in color 
and sparingly fossiliferous. Just below the village on the 
right bank of the stream, the same layers form a picturesque 
ledge about thirty feet high. 
Fl'in!c's Qual'l'Y, Tp. 82 N., R. II W., Sec. 14, Nw. t of Se. i. 
The following section is here shown 
FEET. 
4. Limestone, rongh, in layers from one half to one foot 
thick, weathered................................... 4 
3. Limestone, in eight inch layers.. ............. .... . ... 2 
2. Limestone, exceedingly rongh, crystalline, deeply 
pitted with ronnded cavities up to fiv e inches in 
diameter....... . ................................... 2 
1. To creek level, not exposed........... .. ...... ....... 13 
The layers here form a gentle syncline dipping 2° north at 
south end and 6° south at the north end. 
BU1'J'Ouqh's Qual'l'y, Tp. 80 N., R. III W., Sec. 22, Sw. t.-
The Gower is here quarried on a small scale on the left bank 
of Rocky run. For 8 feet above the creek, a very fair 
granular building stone lies in layers from 7 to 18 inches 
thick, weathering superficially to spalls 2 to 4 inches thick. 
The dip to the southeast is perceptible. An adjacent ledge 
reaching a height of 20 feet above water level is composed of 
laminated limestone, hard, gray and crystalline. A few rods 
• 
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away an old pot kiln attests the possibilities of the stone as a 
lime maker. Here a layer identical with No. 4 of Whann's 
quarry is found above the limerock. Across the creek and 
down the stream on the same farm, about 50 feet of this hard, 
crystalline, laminated limestone is displayed in overhanging 
ledges and hillside outcrops. Toward the base the rock 
weathers to thin spalls, but above the laminre are coherent, 
and the cliff breaks down in immense blocks. About 15 
feet above the limestone a few fragments of yellow sandstone 
were seen in a shallow ravine, but no distinct outcrop was 
found. All the limestone in this section resembles the 
Anamosa stone in its lamination and in its horizontal or 
nearly horizontal bedding. Nowhere is it disturbed, tilted, 
or conglomeratic, as is so commonly the case with the 
LeClaire. And yet in their hardness, color, and crystalline 
texture, these beds on Rocky run are distinctly of the 
LeClaire type. 
Walliok's QUa?'ry, Tp. 81 N., R. IV W., Sec. 16, Ne. t and 
Se. t.-Two and one half miles north of Cedar Bluff the 
Anamosa phase is here quarried for local uses. The rock 
rises to the surface in the low hills, so that no stripping, 
except of weathered spalls, is necessary. The rock is of the 
ordinary phase of the finely laminated, fine grained, light 
buff building stone of the Gower. It is in thin layers, dip-
ping 110 SE., and shows a face of twenty feet. 
I-Ieoht's Qua1°1'Y, Tp. 82 N., R. II W., Sec. 14, Ne. t of Ne. t.-
The following section is seen at Hecht's quarry: 
FEET. 
3. Limestone, spalls, irregularly shaped chipstone, buff, 
resembling conglomerate of harder centres with 
matrix of limestone meal. . . . . . . . . . . . . . . . . . . . . . . . . . 4 
2. Limestone, rough, semicrystalline, cores gray, weath-
ering to buff..... .. ..... ... .. ............ .. .... .. 1 
1. Limestone, for the most part evenly bedded, buff or 
gray, thickness of layers from above downward in 
inches: 8, 18, 10, 15, 19, 24, 12, 18, 18. At west end 
a dip of 3° W., in centre slightly 8.; at east end a 
perceptible dip SW ....... .............. , .......... lU 
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Oa1'y's QUa1'1'y, Tp. 80 N., R. IIIW., Sec. 13, Sw. i.-About 
two and three-fourths miles southwest of Tipton two quarries 
have been opened on Rock creek. Mr. M. C. Cary here quar-
ries a face of 15 feet in layers mostly of the thiGkness of 
flagging, but some reaching 9 inches. At the west end of the 
quarry the stone is hard and crystalline, of the LeClaire 
phase, in layers 6 inch thick and upward and dipping 12° 
S SE. Two rods east this has passed into the Anamosa 
phase, but slightly harder and more crystalline than typical, 
dipping 3° E., the juncture being now concealed. 
Twenty-five rods southwest of this section a small quarry 
has been opened showing a mound of hard limerock at the north 
end, and, the juncture again being obscured, at the south 
Anamosa stone, some layers being soft and granular, and 
others harder and more compact. The layers here run from 
1 and 2 inches to 9 and 12, and dip from 30° WNW. to 38° 
NNW. 
lVhann's Qua1'1',I-J, Tp. 80 N., R. III W., Sec. 14, NE. i of 
NW. i. 
FEET. 
5. Limestone, light buff, hard, fine graiued, luster earthy, 
resembles Bertram beds of Linn county......... . 2 
4. Limestone, buff, sofLer, with numerous branching ver-
tical tubes one to two rum. in diarueter ......... . . 
3. Limestone, hard, gray. crystalline.. . . ... .... . .. . . . ... H 
2. Limestone, bnff, more or less vesicular, in layers from 
8 to 30 inches thick, with bands of harder crystal-
line gray rock.... .... . ........ ......... . ....... ... 5 
1. Limestone in layers as above, buff, granular, lam-
inated ... . .. '" ........ ............ .. ......... . .... 6! 
The dip here is a gentle one to the southwest. A few rods 
up stream the ledge is seen to form a low syncline. 
L ime. 
Rock of the highest excellence for the manufacture of lime 
is as broadly distributed over the county as is good building 
stone. This is due to the many areas where the Gower lime-
stone is exposed by eroslion, and to its rapid alternation at the • 
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same horizon between its two lithological phases. At no 
great distance from the quarries of the granular, evenly bedded 
Anamosa stone, there will be found outcrops of the crystalline, 
massive or obliquely bedded dolomite, which takes its name~ 
from LeClaire, the town in Scott county where its typical 
features were seen and described by Hall nearly fifty years 
ago. Thus, at Lime City and at Cedar Valley, lime and build-
ing stone quarries are in close proximity. It is to these two 
places that the manufacture of lime is at present restricted. 
This is not due to any special advantage in the quality of their 
limerock over that of other localities in the county too 
numerous for mention, but to the facilities with which the 
rock can be bandIed and the product placed on the market.. 
In almost all portions of the county the explorer of outcrops 
of the country rock finds the white heaps of half burned lime 
and the ruined walls left to show the place of pot kilns. Dur-
ing recent years of business depression all of these have been 
abandoned. With the increasing prosperity of the building 
interests we may expect that the pot kiln will again become 
a local rival of the large plants equipped with patent draw 
kilns, as has already taken place in adjoining counties. 
The upper beds of the Silurian furnish a limerock of the 
highest degree of excellence. It is from them that some of 
the largest kilns in Ohio, Wisconsin, and Illinois, as well as 
Iowa, draw their supply. The lime burned in Cedar county is 
identical with that of the well know kilns at Racine and Port 
Byron. Its preeminence depends upon its chemical and 
physical qualities. It is notably free from silica in all its 
forms: and from argillaceous or ferruginous impurities. The 
large per cent of carbonate of magnesia present makes it a 
cool lime, slow to set, slow to slack, and it is to such limes 
that architects, masons, and plasterers now invariably give 
preference over the so-called hot limes burned from llon-
magnesian limestone. The hardness and durability of mortars 
made from this lime approaches that of cement. Buildings 
are seen in which it was employed, where, after thirty-five 
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years of weathering, the joints seem as fresh as when struck. 
Wholly minor advantages are the brittleness of the rock, which 
aids in its breaking to suitable dimensions for the kiln, and its 
vesicularity, which gives more ready access to heat in burning 
and to water in slacking. 
The purity of the Gower dolomite is demonstrated in the 
following analysis made in the chemical laboratory of Cornell 
college under the supervision of Dr. Nicholas Knight: 
LEDGE ON ROCK CREEK, TP. 80 N. , R. 3 W., SEC. 23, SE. ~ OF SW. ~. 
Calcium carbonate, Ca Cos ' . . . . . .. . .. ............... 55.76 
Magnesium carbonate, Mg COs' . .... ....... . .. .. .... 43.85 
Ferric oxide and aluminum oxide, .Fe, 0 3 and AI, Os ., 0.26 
Silica, Si 02 .. .. ........... . ............ .... ......... " 0.12 
99.99 
The total impurities of this specimen of the dolomite used 
in lime making throughout the county are but little more 
than one-third of one per cent. 
Lime Oity.-The quarries of this plant are situated on the 
right bank of Sugar creek, five miles northwest of Wilton, a 
spur of the Chicago, Rock Island & Pacific connecting them 
with the main line at that junction. The rock is of the usual 
LeClaire facies. Dynamite is used in blasting, and the stone is 
sent to the kilns by a tram running on a trestle. Four patent 
draw kilns are in operation, and the lime can be loaded from 
the sheds directly on the cars. Some years since petroleum 
was used as fuel in one of the kilns, but only wood is now 
employed for calcination. The region about Sugar creek is 
forested, and wood is obtained at moderate expense. The 
output finds ready market along the lines of -the Chicago, 
Rock Island & Pacific railway in Iowa and the states west. 
The amount of stripping is very slight. The beds of the 
Coggan, which overlie the limerock, are shipped for riprap 
and ballast, being wholly unavailable for lime or building 
stone. 
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Oedar VCtlley.-The lime plant at Cedar Valley consists of 
three patent draw-kilns, each with a capacity of 120 barrels, 
and the usual storage and cooper sheds. Of the quarry face 
of sixty feet scarcely any is unavailable for lime, and the 
expense of stripping is inconsiderable. The rock is econom-
ically handled, and the Hme is loaded on the cars of the 
Burlington, Cedar Rapids & Northern railway. It has found 
a wide market over Iowa and the states adjacent to the west. 
Wood is employed as fuel, and is brought in from the heavily 
wooded hills of the Kansan upland on both sides of the river. 
Clay. 
Brick and Tile.-No shakof economic importance is found 
in Cedar county. The only clay utilized in manufacture is 
the loes!:>, and this extends so widely over the county that 
material for brick and tile exists in close proximity to every 
town. It is utilized at present only at the county seat, whose 
central position gives it an advantage as a distributing point. 
The brick and tile factory at Stanwoad was burned recently 
and has not yet been rebuilt. 
Brick and Tile Factory, G. H. Kettell, Tipton.-This plant is 
situated in the south portion of the town, and comprises 
three kilns, two of them down draft, with a capacity of 
95,000 brick; two Bennett clay machines, with a capacity of 
14,000 brick and 10,000 three-inch tile per day, operated by a 
twenty horse-power engine, and drying sheds holding 125,000 
brick. 
The brick turned out are the common machine pressed 
brick, and are of excellent quality, of even texture, dense and 
ringing, and of good color. The tile are made of the same 
material and are equally good. 
The clay pit shows from six to twelve feet of stiff, yellow 
loess loam, not readily friable when dry, and destitute of clay 
dogs and fossils. Where thinnest it is underlain by non-calca-
reous, yellow till, and where deepest by sandy layers and the 
bluish loess silt. Besides supplying the local demands of the 
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largest town in the county, the factory ships over the Bur-
lington, Cedar Rapids & Northern and the Chicago & North-
western ra,ilways. The station of the latter is only a few 
blocks distant, and a switch of this railway enters the yards. 
Road Materials. 
The clays of the county offer an inexhaustible supply for 
burning for ballast. It hardly seems probable, however, that 
their use for this purpose will ever be necessary, considering 
the fact that the county abounds in a stone unexcelled among 
limestone in hardness and durability as road metal. Crushed 
stone of the Gower limestone is used in large quantities as 
ballast on the lines of the B., C. R. & N., and the C., R. 1. & 
P. railways, the former taking it from the Bealer quarries at 
Cedar Valley, and the latter from the quarries at Lime City. 
It can be obtained at reasonable expense from either of these 
places for county roads and town streets, and in the majority 
of the towns of the county a crusher could be set at work on 
rocks of the same formation and of equal value exposed in the 
vicinity. 
The movement for good roads in the county has hardly more 
than begun. Scarcely a city or village street has been 
redeemed from the primitive dirt road of the early settlers. 
But the near future will no doubt witness rapid progress in 
municipal paving and road making in the area, and the facility 
with which good road metal can be obtainea will greatly 
hasten this movement. It is of prime importance to remem-
ber that no stone, however valuable, will make a good road 
unless some intelligence is used in its construction. The 
traditional method of dumping rock of any and all sizes on an 
ungraded and undrained roadway, has long been proven the 
shortest way to its permanent ruin. From the beginning such 
a dump makes an execrable road, rough with loose stones, 
and it fast goes from bad to worse. In towns it is often 
impracticable to use it as foundation for any superstructure 
and its removal is too expensive to be considered. It thus 
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pos~pones indefinitely the laying of a good street, either of 
brick paving, asphalt, or macadam. 
Sand. 
This valuable material for building is obtained along the 
rivers of the county at little if any more than ~he cost of 
hauling. A somewhat inferior grade is found in the sands 
beneath the loess near the Iowan margin. Occasionally sand 
is taken from dunes and pahoid ridges on the Iowan area. 
Water Power. 
The larger creeks of the county are perennial s~reams 
affording considerable water power, which has in the past 
aided largely in the development of the region. Commonly 
they traverse rock-cut reaches giving excellent sites for 
dams. Of these there were utilized early in the history of 
the county three on Rock creek, one on Pioneer, one on 
Sugar, and three on Clear creek. Several of these mills 
were large structures and well fi~ted for the part, that they 
had to play, using power equivalent insome instances to twenty 
horse-power. With the rapidly changing conditions of the mill-
ing industry, and the shrinking and less constant volume 
of water at disposal, these water powers which so long and 
faithfully served the needs of the pioneers fell into disuse. 
The last dam was washed out in 1899 and the last mill using 
water power abandoned. It is quite impossible to say how 
distant is the day when in an age of electricity these creeks 
will again be harnessed to serve the needs of the people. 
No dams have ,ever been built across the Cedar or Wapsi-
pinicon within the county limits. On the former power could 
be obtained ecop.omically and in large quantity in the narrow 
reaches }rom Cedar Bluff to Rochester, but the distance to . 
any town of size makes its utilization indefinitely remote. . 
Soils. 
The fertility of the soils in Cedar county is well known far 
beyond its limits. In the average assessed valuation per 
• 
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acre of its farm lands it is surpassed in Iowa only by Scott 
and Polk counties, in each of which these values are enhanced 
by large urban populations. This high value is due in part to 
anum ber of causes other than geologic, such as the length 
of time that has elapsed since the settlement of the county 
and the character and skill of its citizens. But a leading 
factor in the agricultural prosperity of the area is the 
abounding fertility of its soils. 
None of the soils in the county is the result, at least 
directly, of that commonest of soil making processes, the 
secular decay of underlying rocks. Here and there, however, 
may be seen remnants of the ancient soil which covered the 
county before the episode of the great Ice Invasion, a soil 
formed by the decay in place of the limestones of the region. 
This is a stiff, unctuous, reddish clay, often seen directly over-
lying the rock. Compared with the glacial tills which now 
cover it, this residual clay, or geest, must be considered a 
very poor soil or subsoil indeed, and a large measure of the 
prosperity and wealth of the region must be referred to the 
successive invasions of vast sheets of ice in the yesterday of 
geologic history, which buried the geest beneath richer 
deposits or removed it entirely. In pre-Pleistocene times 
the agricultural advantages of the region were distinctly 
inferior to those of the present, and it is perhaps fortunate 
that the agriculturist had not then made his appearance 
upon the scene. It was the slow but resistless movement of 
immense bodies of glacial ice which ground to powder the I 
rocks in their path from the region of the far north, and 
commingled the component minerals of limestones, shales, 
sandstones, granites and other igneous rocks into one heter-
ogeneous ground moraine, which embraces every valuable 
constituent which rocks can supply to soils and growing 
crops. And because this drift is for the most part finely 
comminuted-a commixture of rock flour and rock meal, with 
sand, gravel, and an occasional bowlder-it breaks down 
rapidly into a most fertile soil. Water penetrates it, oxygen, 
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carbon dioxide and the humic acids permeate it, the roots of 
trees and plants push their way down through it, earthworms 
and other animals burrow in it. So soon as it was laid down 
Nature with her multifarious agencies began to develop upon 
the bare, gray surface of the 'ground moraine the deep rich 
soils which to-day are the delight of the farmer. 
Furthermore, by wash of water and perhaps also aided in 
part by the wind, particles intermediate in size were selected 
from the drift and laid down in a silt too fine to be called 
sand and too coarse for clay-the loess. This yellow loam 
spread widely over the area contains all the mineralogic 
richness of the glacial tills, and is, moreover, far more 
porous and accessible to soil making agencies. Brief, then, 
as has been the time since these deposits of till and loess 
were laid, it has sufficed for the production upon them of 
soils of a depth and richness unsurpassed in all the Mis-
sissippi valley. 
Ever since glacial times there has also been in progress a 
redistribution of soils. The season of 1899 supplied a strik-
ing illustration of the movement of soils ever to lower 
levels, and at last by way of the creek aud the river to the 
sea. The heavy rains of the spring of this year washed the 
plowed land on the hillsides to an extent seldom seen. At 
the lower end of each little gully was outspread thin alluvial 
fans of the blackest and richest soils, in places covering sev-
eral acres. All the creek bottoms received an accretion of 
soil mingled in places with corn stalks and various debris 
washed by the floods from higher up the stream. 
Thus the soils developed on glacial till and loess have been 
washed down to lower levels for thousands of years to 
form the deep alluvial soils of the creek and river flood plains, 
but never, at least before the settlement of the country, at a 
rate sufficient to remove the soils of the uplands faster than 
they were formed. 
Thus the soils of the county may be divided into two classes, 
those of primary derivation developed directly by the decay of 
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subsoils and subjacent rock, and those of secondary derivation, 
produced from the primary soils by wash of water. 
Primary soils may be further classified according to the 
g'eological nature of the underlying formation from which 
they have been developed. Thus we have in Cedar county 
the soils of the Iowan areas developed on the Iowan drift and 
its washed and blown sands, the soils developed on the Kansan 
till, and the soils produced on the loess loam. 
Judging by the value at which farm lands are held in dif-
ferent parts of the county, the most desirable of these soils 
are those of the loess where it is comparatively thin and 
where it is but slightly dissected. A thickness of from ten 
to twenty-five or thirty feet of the loess secures an adeqmLte 
underdrainage and at the same time allows water in dry 
weather to rise easily to the surface by capillary attraction 
from the couche lying upon the impermeable till beneath. 
The fertility of a soil depends lar~ely upon its nitrogenous 
constituents and these are derived from the decay of organic 
matter. It is the organic matter, or humus, which, mingled 
with the finely comminuted earthy material derived from the 
decay of rocks, gives its black or dark color to the superficial 
layer commonly known as the soil. The amonnt of humus 
present depends on the ratio between the rate of its accumu~ 
lation and the rate of its removal by rain wash and other 
agencies. Where the latter is practically zero it accumulates 
indefinitely in peat bog and marsh. Where the latter comes to 
be in excess of the former, as on steep deforested hillsides, the 
humus is soon entirely washed away. The availability of any 
soil for agriculture depends also on its drainage. On level or 
undrained tracts soils are exceedingly rich in humus, but they 
are too wet for profitable farming. Steep slopes are well drained, 
but the humus, because so rapidly washed away, is scanty and 
the soil is infertile. The golden mean is found where erosion 
has been sufficient to reduce the region to slope, but where 
the slopes are as yet very gentle. It is here that, in the 
accurate language of the farmer, "the land lies just right." 
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It is well drained, and at the same time is covered with deep~ 
black humus soil, rich in all the ingredients which go to the 
feeding of crops. 
The golden mean just described is reached over extensive 
tracts in Cedar county, especially over the loess covered 
Kansan. In Fairfield township, where land is said to be held 
at the highest price per acre, in Farmington, Iowa, Spring-
dale, Inland, Red Oak, and in parts, in fact, of every town-
ship included in the Kansan area, the wealth of the soil and 
the ease with which it is cultivated, is reflected in the large 
and well kerJt farms, commonly of 160 acres and more, sup-
plied with every convenience of farm machinery. Commodious 
houses, well painted, and comparing not unfavorably with the 
average houses in the towns of the county, have replaced the 
humble homes of the pioneers, these relics of a bygone stage 
in social evolution being set to one side to serve as granaries 
or tool sheds. Rows and clusters of shade trees, belts of 
wind-breaks of soft maple, or more rarely of conifers, well 
grassed and well fenced door yards bright with flowers, 
orchards of apple, cherry and plum, with an occasional exper-
imental peach tree or apricot, large, well built barns and 
sheds for the stock, for which the county is famous, deep, 
unfailing wells, equipped with wind engines, and sometimes 
affording a house supply under hydrostatic pressure,-all 
these are evidences of the fertility of the soil, which must not 
escape the attention of the geologist. Not infrf'quentlyan 
abandoned farm, abandoned to a tenant by its owner who 
has moved to town, where the rental yields an adequate sup-
port without labor, is a further proof of a long continued 
prosperity, dependent at last analysis upon geologic and 
climatic conditions. 
In unpleasing contrast are the deeply dissected regions of 
loess-Kansan topography which have been frequently men-
tioned in this report. Here land values are comparatively 
low, being sometimes not more than half that of farms where 
the same geologic formations have suffered less erosion. 
394 GEOLOGY OF CEDAR COUNTY. 
Under the plow the soil fast washes down the steep hillsides. 
Gullies start with heavy rains, and, rapidly deepening, soon 
escape the control of the careless farmer. In a few years it 
is imperative to refurnish the soil with nitrogen by seeding to 
clover, or to turn it to pasture. At the worst this is a region 
of from two to ten acre allotments, of the log cabin and the 
two or three room shack of the clearing. At the best it is 
farmed in prosperous sheep and cattle ranches of hundreds of 
acres. On these the roughest land is retained in its native 
timber. In such large tracts some excellent plow land is 
al ways found, and the remainder is used for pasture. 
These two types of farming lands, so markedly different 
and producing such divergent sociologic conditions, have 
after all precisely the same subsoils. The loess underlies 
each, and the difference between the two types is at bottom 
merely a difference in angle of slope, dependent upon distance 
from local base levels of erosion and on preglacial conditions. 
In each certain advantages accrue from the absence of 
native stone or glacial bowlder in the way of plow or mower, 
and still more in the looseness of the texture of t be loess 
wbich permits roots to go deep to draw moisture and food. 
Acting as a sponge, the loess rapidly absorbs moisture in wet 
weather and when not too deep gives it back in dry by capil-
lary attraction to surface layers. It has long been recognized 
that it is unsurpassed as a subsoil for vineyard, orchard, and 
all vegetation whose roots strike deep. 
Iowan Soils.-The typical Iowan till and its high value as a 
subsoil has been fully described by Calvin in his reports on 
the counties where it is extensive. Rich in the salts 
demanded by the grains it is better adapted to the culture of 
wheat and oats than is the loess. 
The sandy till which represents the Iowan in Cedar county 
forms a deep, warm, mellow soil suitable to all crops. The 
Iowan area forms some of the best farming land in the county, 
and the description of the farms on the best of the loess-Kansan 
will apply also to the best of the Iowan. Upon the whole, how-
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ever, the Iowan farms are not valued so highly as are those 
on the gentle rolling Kansan. On account of the immaturity 
of the Iowan plain the natural drainage is imperfect. This is 
now remedied for the most part by ditches and tiling, but the 
evident disadvantages of the undrained tracts delayed the 
settlement of considerable of the area. The land has not yet 
had time to produce the improvements seen in districts longer 
farmed, and its market price is therefore still somewhat less. 
The bowlders of the Iowan are not plen~iful enough to 
form any special embarrassment to farming operations. A 
very small per cent of the labor required in New England for 
this purpose would here suffice to remove them all. And in 
no case is the plow compelled to work in a heavily stony till. 
It is rarely that the plow discovers the till beneath the deep 
soils which overlie it. The nearness, however, of the till 
brings the level of ground water high on all tracts where its 
movement is not accelerated by slope, and on such levels the 
land is cold and wet until tiled, when it becomes of the best. 
On the Tipton lobe especially, and near the terraces of the 
Cedar river, sandy soils occur which have all the advantages 
and defects of such soils everywhere. In the season of 1899 
the large rainfall in spring and early summer gave these soils 
a distinct advantage over the clayey soils of the loess, and 
when the field work of the survey was finished in July there 
was nowhere in the county a b~tter stand of corn than on the 
sandy soils of the Iowan plains. In dry seasons the relative 
advantages of the two soils is reversed. In a drought crops 
may suffer severely on the sandy knolls and ridges, while they 
are uninjured on lower ground where the humus is deep, and 
on large areas where a sandy clay, probably of the same age 
as the loess, overlies the till. 
A class of soils geologically distinct from those described 
are the alluvial soils of the flood plains of the streams. The 
ancient flood plains of the rivers which now stand as terraces 
twenty feet and more above the water are underdrained by 
basal beds of sand, and therefore, like all such old fluvial 
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floors, are apt to suffer in times of protracted drought. Where 
a few feet of reddish, sandy clay underlies the humus, as is 
frequently the case, drought is less severely felt than where 
the humus is spread on strata of sand. 
The lower bottoms and the flood plains as a whole embrace 
along with these sandy tracts many square miles of excellent 
farm land. So deep is the rich, black alluvium that it is often 
two feet and more in depth before a change in color can be 
be detected. The map of the county exhibits the distribution 
and the great width of these alluvial tracts along reaches of 
the Cedar and Wapsipinicon rivers and the larger creeks. 
In the. valleys of the smaller creeks the change in regimen 
due to cultivation can sometimes be seen. The peaty humus 
of the swale is overlain with a few inches of lighter colored 
soil washed from the adjacent hill sides since the country was 
settled. 
On the whole corn is the staple crop of all the areas of the 
county, Kansan and Iowan as well, but the latter is more 
largely given over to pasture meadow and the smaller grains 
than is the former. 
, r 
I 
4 6 5 4 
9 I O 7 [; 9 
JO 
.14 .55 
6 5 
7 [; 
6 5 
I OWA LI T H O . CO. 
IOWA GEOLOGICAL SURVEY 
G€.OLOG 1C4L. 
MAP OF 
COUNTY, 
IOWA . 
• 
BY 
'WIlllA~f HAIUfONNORTON 
19 01. 
------------~( ,.~. ~~------------
Scule _ 1_ 12!l,OOU 
L..-.-----"-__ -'-() ____ ----' ______ .l....-____ --':·.~ ______ '__ __ _____'9l\1il('·!:i · 
,"---,,---0,-, __ --'--__ --'--___ :L-I __ -'--__ -'q IGlllllwtcr8 
LEG 'END 
GEOLOGICAL FORMATIONS 
DES MOINES 
CEDAR VALLEY 
UPPER DAVENPORT 
OTIS,I NDEPENDENCE AND 
LOWER DAVENPORT 
COGGA N 
CARBONIFEROUS 
DEVONIAN 
N IAGARA ~---'I L-. SILURIAN 
INDUSTRIES 
CLAY WOR KS 
QUARRIES 
LIME. KILNS 
. DRAWN B Y F.C, TAT£ 
GEOLOGY OF PAGE COUNTY. 
BY 
SAMUEL CALVIN. 
30 

GEOLOGY OF PAGE COUNTY. 
BY SAMUEL CALVIN. 
CONTENTS. 
PAGR 
Introduction .... ............................ .. .. .... . 400 
Location and area...... ........... .......................... 400 
Previous Geological Work........... ...... . . . . .... ... . . .............. 401 
Physiography. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ... . ................... . . .. ... 405 
Topography ....... ... ................. .. .... .... ....................... . 405 
Drainage. . . . . . . . . . . ............................... . . ................. 413 
Stratigraphy .. ... . .. " ................................ ......... . ........ 414 
General Relations of Strata .... ... . ..... .... ...... .... .. ........ . ........ 414 
Synoptical Table of Geological Formations ......................... 415 
The Carboniferous System . . ......... .. ..... " . . . . . . .. . ................ 415 
Missou'rian Stage ...... " ............................. . ............ 415 
General Discussion .............................................. 415 
Keyes' Divisions of the Missourian .......................... 419 
Correlations. . ....... ....... ................... . ............ 419 
Typical Sections............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 422 
Hawleyville .. ..... . .. ... ........ ... ~ . . .. ,............. ... 423: 
Braddyville. . . . . . . . .. ..... ... . . . .. .. .................... 424 
Shambaugh Mill . . ... .. ... . ... . . .. .... . . . .. . . . ... . . . . .. .. .. 426: 
General Dip of the Strata. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 427 
Burlington Junction Section............................... 428 
Sections of the Limestones of the Tarkio Valley ............. 429. 
Relations of the Tarkio Limestones to Nodaway Lime-
stones ... .. . .. ..... .... ......... . ..... . ............... 435 
The Liaquist Coal Horizon .. .. .......... .. .. ...... .......... 481) 
Deep Drill Holes............... ...... .. ...... ....... . ... . ........ . .... 437 
Clarinda ............................................................ 437 
Larrabee Well. ........... ........................................ 437 
Grant Township Wells ....................... ... .. .. ............... 487 
The Falk Prospect Hole ................................. . ...... . .. . 438-
400 GEOLOGY OF PAGE COUNTY. 
PAGE 
The Cretaceous System. . .. . . . . . . . .. ..... . .......... . ........... 439 
Dakota Stage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. 439 
The PIAistocene System ............................ .. .................. 440 
Kansan Drift ......................... ' .... . ....................... . 440 
Relation to Topugraphy..... .. . . . . . . . ... .... . ....... . . . , .. . . 440 
Materials Forming the Drift. .... .. . . . .. . . . . . ..... " . . . . ..... 441 
Indications of Age ......................................... . ... 442 
Residual Gravel ..... ,. . . . . .. . . .. . . . . . .. . . . . . . . . . . . . . . . .. . ...... 442 
The Loess.. . . . . . . . . . . . . . . . . . . . . . . . . .. ., .. ......................... 444 
Two Beds of Loess.. .... ... . .. .. ... .... . .... . , .............. 444 
Flooded-Valley Deposits ........................................... 446 
Characteristics. . . . . . . . . . . . . . . . .... . . . . . . . . . . . . . . .. . .. . ......... 446 
Distribution ... . ......... ... ................ .... ... .. ....... ..... 447 
Probable Age ........... .. .. . ................................... 447 
Alluvium ...................... . . ........... . ................. . .. . 448 
Deformations and Unconformities ........................ ... ... .... . ....... 449 
Soils .. ..... .... ............. .... .. , . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . .. .... .. 449 
Economic Products.. . . . . .. . . . . . . . .. .... ..... . .. . ......... . .. . ........... 450 
Coal ........ .... .................................... .. ............ .. .. 450 
Ingraham Mine. .......... .......... .... . .............. . ........ 451 
Mines near Shambaugh ..................... ... ................... 451 
The Linquist Coal. .............. ........ ... ..... . ................... 452 
Building Stone. . . . . .. . . . . . . . . . . . . . . .. ..... . ..................... .... ...... 453 
Brick and Tile. . . . . . . . . .. ........................... . ............... .. .... 453 
Water Supplies ...... , .......................................... . ..... ...... 454 
Wells .................................................. . .............. 454 
Springs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ........................... 456 
Dunbar Mineral Spring ...... . ......... .:, ..... ...................... 456 
Water Powers .............................................................. . 456 
Summary. . . . . . . . . . . . . . . . . . . . .. ...... . .. . ....................... . ..... . ... 457 
INTRODUCTION. 
SITUATION AND AREA. 
Page county is situated well toward the southwest corner 
of Iowa. The state of Missouri forms its southern boundary, 
and the single county of Fremont on the west separates it 
from the Missouri river. It is bounded on the north by Mont-
gomeryand on the east by Taylor. It embraces part of the 
territory which was ~or some time in dispute between Mis-
souri and Iowa. Its location is such as to make it one of the 
.most important agricultural counties in the great state to 
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which it belongs. All the pasture and meadow grasses usually 
cultivated in this latitude flourish; small grains yield gener-
ously; bountiful crops of corn mature year by year without a 
single recorded failure; apples and the other fruits of the 
mid-temperate zone produce abundantly. In matters of soil 
and climate, in the fortunate location between the extremes 
of both north and south, Page county is exceptionally favored. 
In area the county under consideration embraces somewhat 
less than sixteen congressional townships. The falling short 
is due to the fact that the Iowa-Missouri boundary does not 
follow the lines of the congressional surveys, but cuts through 
sections 31 to 36 of the southern tier of townships-the tier 
numbered 67 North- -so as to leave not more than one-fourth 
of these sections on the Iowa side of the line. On the other 
hand the county loses in area by reason of the fact that the 
north line of the second row of townships north of the Mis-
souri boundary is a correction line, and sections 1 to 6 in eaoh 
of these townships is fractional. In place therefore of having 
an area of 576 square miles-the theoretical number in six-
teen congressional townships-the number of square miles in 
Page county is approximately 530. 
PR~VIOUS GEOLOGICAL WORK. 
Dr. c. A. White was the first geologist to give more than pass-
ing attentiun to the area which constitutes the subject of the 
present discussion. He visited Page county in 1866, and, in 
his report to the governor, at the beginning of 1867, * there is an 
interesting description of the region, in wpich the soils, forest 
lands, coal beds and limestone ledges receive especial notice. 
In White's :final report of the Geological Survey of Iowat the 
geological structure of the county is more fully described. 
In the volume referred to the limestones of the county-those 
along the east branC'h of the Tarkio being particularly men-
tioned-are assumed to be the equivalent of beds at Winterset, 
"First and Second Ann. Rept. of Progress of tbe State Geologist, Etc., Des Moines, 1868. 
tReport on the Geol. Sur\,. of the State of Iowa, by Charles A. White, M. D., Des Moines, 1870 
vol. I, pp. 348-353 . 
31 
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near the base of the Upper Coal Measures. While recogniz-
ing the fact that the Upper Coal Measures (the Missourian 
stage of more recent writers on the geology of Iowa) attain 
a thickness of about 180 feet near Winterset, within ten miles 
of the attenuated easter'n edge of the formation, Dr. White 
entertained the belief that beyond the margin of Madison 
county the strata of this stage have practically no dip to the 
west-at least the dip is not greater than the slope of the sur-
face toward the Missouri river-and that there is little, if any, 
increment in the thickness of the beds in this direction. Two 
hundred feet is the maximum thickness assigned to this for-
mation, a thickness but little in excess of that of the Winter-
set section. It was believed, therefore, that the mem bers of 
the Winterset section recur at all the outcrops throughout the 
several counties of southwestern Iowa, and efforts were made 
to correlate the different exposures with recognized divisions 
of the assumed standard section in Madison county. 
In volume II of the current series of reports on the Iowa 
Geological Survey, Keyes:j: gives a brief account of the coal 
deposits of Page county as they were known in 1894. On 
page 159 of the work cited the author reviews the different 
estimates which have been made by various observers respect-
ing the thickness of the Upper Coal Measures-estimates 
ranging from 200 feet by White to more than 1,400 feet by 
Winslow. The latter estimate was made for the Upper Coal 
Measures of Missouri, but Keyes concludes that the actual 
figures, probably for Missouri as well as Iowa, lie between the 
two extremes. He assigns to the whole Coal Measure series 
in southwestern Iowa a thickness of about 800 feet. 
In his work on "The Artesian Wells of Iowa," Norton has 
occasion to refer only briefly and incidentally to Page county. 
In a sentence or two he describes* a pro~pect hole bored near 
Clarinda in search for coal. While, however, no facts are 
given relating very directly to the details of geological struc-
;Iowa Geo!. Surv., vol. II. Coal D eposits of Iowa, by Charles Rollin Keyes, D es Moines, ,S94. 
·Iowa Geol. Surv ., vol. VI, p. 339; Des Moines, ,897. 
PREVIOUS GEOLOGICAl, WORK. 403 
ture in the county under discussion, in connection with the 
records of borings in other counties he presents data which 
throw much light on the actual thickness of the Upper Coal 
Measures in this part of the state, and aid very materially in 
settling questions concerning the probability that the lime-
stones of Page county are the equivalent of beds near the base 
of the Winterset section. The record of the Glenwood wellt 
is particularly instructive in the fact that it shows clearly the 
division between the Upper and Lower Coal Measures, indicat-
ing for the former a thickness 670 of feet. The beds exposed in 
Page county are well up in the series and must be far above 
the top of the section described by White, in Madison county. 
The significance of the data collected since White's visit to 
this locality will be discussed on subsequent pages of this 
report.. . 
Among the later attempts to fix the stratigraphic relations 
of the puzzling succession of limestones and shales to be found 
in the Missourian series is that of Keyes. ,,+ In his paper, in 
volume VII, of the Proceedings of the Iowa Academy of Sci-
ences, Keyes reviews exhaustively the literature relating to 
the geology of southwestern Iowa and contiguous areas, and 
makes an effort to correlate the various typical exposures 
which geologists have described. While his work is the best 
that has yet been attempted in this line, it will doubtless 
require considerable revision b "fore all the problems involved 
are satisfactorily settled. The difficulty experienced by geol-
ogists in correlating widely separated outcrops of beds 
belonging to the Missourian series arises from a number of 
facts. Shales are more common and are developed to a far-
greater thickness than was realized by the first observers. 
The shales alternate with comparatively thin beds of limestone. 
The fauna seems to have been very persistent, and the same 
species of fossils recur in successive beds of shales and lime-
stones throughout practically the whole thickness of the 
tOp. cit., pp. 343-347 . 
• Formational Synonymy of the Coal Measure. of the Western Interior Basin, by Charles R. 
Keyes; Proceedings of the Iowa Acad. of Sc. for 1899 ; ~vol. VII, p. 82 et seq., Des Moines, 1')00. 
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formation, for which reasons the paleontological method is not 
available in tracing beds from one locality to another. In pre-
glacial time, as a result of erosion during the long period 
between the retreat of the sea and the ad vent of glacial con-
ditions, the limestones formed escarpments and the thicker 
shales developed long, undulating slopes between the project-
ing limestor:e ridges. During the glacial epoch the region 
was covered with a thick mantle of drift, which effectually 
concealed all stratigraphic details. Subsequent erosion has 
cut through the drift in a comparatively few and completely 
detached localities, the greater portion of the rock surface 
being still hidden from view. The projecting limestone 
escarpments were the first to be uncovered,-they were prac-
tically the only portions of the formation that the first geolo-
gists saw-and since they contained essentially the same 
fossils, the conclusion was a natural one that the various out-
crops were simply repetitions of the same beds. Later geol-
ogists, with a larger number of outcrops and the records of 
many borings available for study, are yet handicapped in the 
portions of the area covered with deep drift, by the inability 
to trace formations continuously over any great extent of 
country, and by the lithological and faunal resemblances of 
beds occupying different positions in the geological column. 
The problems of correlation are still farther complicated by 
strong dips and relatively sharp folds, which cause the same 
beds to appear at different levels within comparatively short 
distances. Near Henshaw, in Taylor county, there is a differ-
ence of thirty-five feet in the altitude of the Nodaway coal-
seam in less than olle-fourth of a mile, and the same coal dips 
sixty-five feet between the old Shambaugh mill, in Sec. 7, Tp. 
68 N., R. XXXVI W., and the Ingraham coal mine, in Sec. 2, 
Tp. 68 N., R. XXXVIIW., a distance less than two miles. 
Where so large a proportion of the area is effectually con-
cealed by deep drift, it is impossible to reckon with the folds 
and erratic dips of the strata. And since in most cases no 
aid can be derived from paleontologic evidence, the relations 
r 
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of the limestones outcropping in one stream valley to those 
in another can not be determined by ordinary surface obser-
vations. Furthermore, in the drift-covered regions there is 
nothing in the way of natural surface exposures to give any 
clue to the thickness of the shale beds between the different 
horizons of limestone. The records of some well borings, to 
be noted later, now put us in possession of facts which help 
to solve the problem of the relation and thickness of strata 
belonging to the Missourian series, a problem that otherwise 
could not well have been solved in a region as deeplv covered 
with drift as southwestern Iowa. 
PHYSIOGRAPHY. 
TOPOGRAPHY. 
The surface of Page county is a completely dissected and 
deeply eroded drift plain. The present topography is not 
modified or determined to any very large extent by erosion in 
the indurated rocks. The stream cutting which has brought 
about the present surface configuration of the region is 
limited almost entirely to the thick mantle of drift which over-
spreads this part of Iowa. The principal topographic features 
of the county are the deep, nearly parallel stream valleys 
which traverse the area with a direction a little west of south 
and alternate with a corresponding number of' intricately 
carved ridges. The two most important valleys are those of 
the Nodaway and Nishnabotna. * The Nodaway river enters 
the county less than four miles from the northeast corner 
and following a direction in general almost due south, it 
crosses the state line less than six miles from the southeast 
corner. Throughout its whole length the valley is broad and 
deep. (Fig. 28.) Its walls rise on either side to heights 
*Nishnabotany, Nishnabotny, Nishnabotony, Nishnabotane and Nishnabotena are some of 
various spellings for the name of this river which may be found on maps of Iowa, and in literature 
relating to Iowa wben the river is mentioned. On January 9, 1901, the U nited States Board on Geo· 
graphic Names decided that tbe correct spelling is Nisbnabotna , and the decision is publisbed in The 
National Geographic Aifaga:;ine for Febuary, 1901, page 87. 
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ranging from 160 to nearly 200 feet. The bottom of the val-
ley varies from two to three miles in width, and upon this 
broad plain the stream meanders freely, but within limits 
much narrower as a rule than the space between the bluffs . 
. On the whole the strel\m flows nearer the eastern than the 
western side, and the slopes of the bluffs on the east are in 
general steeper than those on the west. The valley bears 
every indication of maturity, in some places approximating 
FIG. 28. View across the valley of the Nodaway from the highland northwest of Hepburn. The 
extent to which the side of the valley has been carved by erosion is shown in the foreground. 
old age. It is well opened up. Not only have the walls 
receded so as to present the width of bottom land men-
tioned above; but the slopes, especially on the west side, are, 
in the main, long and gentle, mounting to the highland only 
at the greatly narrowed summit of the divides three or four 
or five miles back from the margin of the valley plain. At 
many points between Hepburn and Olarinda, for example, the 
long, gradual slopes of the bluffs blend almost imperceptibly 
into the gentle eastward slope of the bottom of the valley. 
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.lust at Hepburn there is an unusual bit of topography 
which, seen from the bottom of the valley, presents the form 
of bluffs high and steep, in which short, rapidly-ascending 
gullies have been carved by lateral drainage. The lateral 
ravines are steep-sided and narrow. Within a small area in 
this vicinity the topographic forms are surprisingly young 
(Fig. 29), and in marked contrast with those which charac-
terize nearly all the rest of the county. rrhe river in this 
FIG. 29. The steep slopes an d na rrow ravines indicative of youthful topography , west of Hepb urn. 
locality is now three-fourths of a mile or more east of Hep-
burn, but the topography referred to cleady indicates beyond 
very- much question that in times comparatively recent the 
stream washed the foot of these western bluffs, undercutting 
what had been a salient, eastward projecting ridge and caus-
ing the recession in the lower part of the bluff to keep pace 
with that at the summit. Since then the stream has swung 
back toward the east, and the bluffs at this point are now 
suffering modification only by the wash and wear of the 
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ordinary storm waters. Between Hepburn and Clarinda, as 
already noted, the sides of the valley fade away into gentle 
slopes, but farther south, at a number of points along the 
east side of Harlan and Amity townships, the bluffs on the 
west side of the stream, incised more or less by lateral ero-
sion, become comparatively steep. 
The east bra.nch of the Nodaway enters Page from Taylor 
county, in section 1 of Nebraska township. It, too, flows in 
an old valley-a valley wide, deep and flat-bottomed like that 
of the main stream described above. The course of the east · 
branch through Nebraska and East River townships is, for 
some distance, nearly parallel to the principal branch of the 
Nodaway, the space between the two streams averaging less 
than two miles. The ridge separating the valleys is narrow, 
high, rather sharp, deeply incised on the sides; it rises 
abruptly from both valleys and, in places, attains an altitude 
of 200 feet above the water in the channels. This is one of 
the most prominent ridges, one of the most conspicuous topo-
graphic features in the county. Its base is narrower than 
either of the adjacent valleys. 
The valley of the Nishnabotna is of the same character as 
the valleys already described. Its great width-greater even 
than that of the Nodaway, or any of its branches -and the 
long, gentle slopes of the sides, are all indicative of a long 
period of erosion. Near Essex the west side of the valley is 
the steeper, but this feature of steeper bluffs shift.s from side 
to side, appearing west of the stream in one place and east of 
it in another. The valleys occupied by the branches of the 
Tarkio are, in the main, repetitions of those of the Nodaway 
and the Nishnabotna. The streams have cut deep trenches, 
and the valleys have been widened by the recession of their 
walls under the influence of weathering and storm-water 
erosion. Even the smaller, more or less intermittent streams 
have valleys disproportionately wide and deep. 
A topographic feature, rather common throughout the 
county, is well illustrated in the southwest corner of section 
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15, Colfax township. It is evident that for a time deposition 
took place in the branches of some of the smaller valleys, 
which partly filled them with a heavy body of black loam 
eight or 'ten feet or more in depth. Lately, erosion has begun . 
anew, and has cut fresh, deep, narrow, ragged-sided trenches 
in the loam (Fig. 30). Some readjustment of relations, some 
disturbance of the previous balance of forces acting on the 
surface, has started a new erosion cycle in a great number of 
FIG. 30. Deep, narrow trench cut by recent erosion in the hot tom of one of the broad depressions 
in the surface . Tbe deep, black loam in wbicb the trencb is cut indicates aggradation of the small 
valley for a long period before the recent trencb cutting began. • 
individually limited areas. Disturbances quite sufficient to 
result in the erosion of these new, deep, V-shaped, annoying 
trenches, now so commonly found along the principal lines of 
surface drainage in every part of the county, are not infre-
quently produced by the artificial cutting of drainage ditches 
along roadsides or for the passage of water under road cul-
verts. Indeed, any interference with the natural surface of 
the ground in the lower part of the small valleys is almost 
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certain to start the process, and, once started, the trench 
backs up into the adjacent fields and meadows with surprising 
rapidity. The trench does not fade out, but terminates 
.abruptly with practically its full depth, at the upper end; and 
so miniature waterfalls are formed where the storm waters 
pass from the uneroded portion of the field to the new made 
channel. The upper end, however, does not remain station-
ary for any considerable length of time. It rapidly advances 
, 
up the sloping area which it drains, its rate of progress depend-
ing on the frequency of storms and the volume of water which 
discharges into it. The trenches in question, ruinous some-
times to the fields, annoying always to the farmer, afford illus-
trations of what is known as "head ward erosion," a geologi-
cal phenomenon which follows a law as unfailing and inexor-
able as the law of gravitation, an effect which owners of land 
should be able to foresee and against which they should take 
every reasonable precaution to guard. 
All that part of southwestern Iowa which is drained by 
affiuents of the Missouri river exhibit~ an older and maturer 
type of topography than regions in the same latitude east of 
the great water-shed. The main topographic features in both 
areas are due to water sculpture in the superficial sheet of 
drift; but west of the water-shed the surface is much more 
deeply trenched by erosion, the stream valleys are wider, 
with more gradually sloping sides, the whole area is dissected 
back to the divides between the major valleys, there being no 
uninvaded fiat spaces or plateaus such as are commonly found 
in the re~ions occupied by Kansan drift farther to the north-
east. At a distance from the stream valleys profiles of the 
surface in any direction would show a series of convex curves 
sweeping through arcs of such extent as to indicate a very 
considerable relief. (Fig. 31.) In passing from the western 
to the eastern side of the water-shed, between Osceola and 
Chariton for example, the change in topographic type is very 
striking. On the one side is the deeply trenched and 
thoroughly carved surface with the elevations between the 
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,drainage courses exhibiting full rounded maturity; on the 
other, an area trenched to a much less extent, the details of 
sculpturing less numerous and complete, and the convex pro-
file curves in many cases flattened at the top. The observer 
gets the impression of having passed suddenly into an area 
of younger and flatter topographic detail. The region east 
of tbe water-shed is covered with wbat has become established 
by usage in the literature of geology as the Kansan drift. 
'. 
FIG 31. The sweeping, convex curves characteristic of mature, erosional topography on the 
highlands between the stream valleys, View taken four miles west of Clarinda, 
Can it be tbat the older topography west of the divide is 
developed on the pre-Kansan drift? The answer must await 
more extended investigations in the field. It is certainly a 
fact, however, tbat the topography of Page county belongs 
to a fully mature erosional type, a type in whicb sculpturing 
of the original drift plain bas been carried much farther than 
in average areas of the recognized Kansan drift in soutbeast-
ern Iowa. 
---~~--
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Over a large portion of Iowa the present topography is 
controlled to a greater or less extent by the configuration of 
the preglacial surface. The old rock cut valleys and inter-
vening hills were only partly disguised by the sheets of drift 
which were subsequently spread over the area. In many 
cases the present drainage follows preglacial valleys, a result 
which would necessarily follow from the fact that, even if 
the entire surface had been levelled by the ground moraine 
of the latest ice sheet that overflowed any given area, the 
glacial detritus where it filled the valleys, owing to its greater 
thickness, would settle more than in -the areas of thinner drift 
over the hill tops. Thus sags in the surface of the drift plain 
were frequently formed, conforming in direction and windings 
to the old valleys; and these, wherever they were developed, 
determined the lines of subsequent drainage. Page county 
was covered with a very thick mantle of drift which probably 
levelled the surface and obliterated for a time even the larger 
details of the preglacial topography. But in the settling of 
the drift and readjustment of the drainage after the retreat 
of the ice the new streams were directed by depressions in 
the drift plain along the courses of the old valleys. The 
work of the streams since the disappearance of the ice has 
been only partly successful in re-excavating these valleys. 
At Clarinda the Nodaway river has not yet reached the 
original rock surface, for wells at the level of the city water 
works go down from forty-five to fifty feet in the superficial 
detritus. That the old valley was wider than the present one 
is indicated by the record of the well at the Clarinda hospital 
where, starting part way up the side of the valley, the drill 
penetrated to a depth of seventy· two feet without reaching 
the bottom of the loose materials with which the ancient 
water course was filled. The depth of the glacial detritus 
in the valley of the Nishnabotna at Shenandoah was not 
ascertained; but the wells at the water works, on the low bot-
tom-land toward the river, end in a bed of blue clay, probably 
glacial till, at a depth of forty-five feet from the surface~ 
DRAINAGK 413 
The best evidence of a modern stream following an ancient, 
filled, and only partly re-excavated water course is found at 
Blanchard in the valley of the Tarkio. Here a well, partly 
bored, partly dug, was made to supply the railway tank with 
water, and it is sai.d that rock was reached at a depth of 178 
feet. The rock mentioned seems to have been limestone, 
and it is possible that some shale was penetrated without 
being differentiated from the superficial materials. But, 
according to the testimony of persons on the ground when the 
well was made, pieces of bark and wood were brought up 
from a depth of ninety or ninety-five feet, large bones which, 
judging from the descriptions given, must have belonged to 
the mammoth or the Mastodon, were found fifty-four feet 
beneath the ~urface ; and beds of sand and gravel were reported 
to occur at various depths. There is clear evidence that the 
bottom of the preglacial valley which the Tarkio has partly 
reopened, was many feet lower than the level of the present 
stream. 
DRAINAGE. 
The drainage of Page county is fully mature. Practically 
every part of the surface ,is thoroughly drained. With the 
exception of a few small and unimportant areas in the flood 
plains of the streams where shifting of the meanders has left 
temporary wet places, there are no marsh lands in the 
county. There is one rather striking characteristic which 
the drainage of our area shares in common with all south-
western Iowa: the drainage basins of all the streams are 
remarkably long and narrow, the valleys are parallel or prac-
tically so for long distances, and the intervening spaces are 
disproportionately long in comparison with their width. The 
eastern third of the county is drained by the Nodaway and 
its branches; the various forks and branches of the Tarkio 
drain all the central and southwestern part; a relatively small 
area in the northwestern part of the county is drained by the 
Nishnabotna; and Walnut creek, whose drainage basin lies 
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almost entirely west of the county, receives the drainage of 
a square mile or two in the extreme northwest corner. 
Elevations.-In Gannett's Dictionary of Altitudes the eleva-
tion of Villisca, a short distance north of the Page county 
line, is placed at 1050 feet above tide, Clarinda 1009 feet, 
Essex 992 feet, and Shenandoah 975 feet. These figures refer 
in each case to the surface of the road bed at the railway sta-
tion. Hawleyville has an elevation about the same as 
Clarinda. The high points of the divide between the two 
branches of the Nodaway reach a height of about ]200 feet, 
and this may be taken as an approximate average for the 
higher eminences in the eastern and northern parts of the 
county. The figures given indicate a general slope of the 
whole county towards the west and south. 
STRATIGRAPHY. 
The geological formations of Page county are not very 
numerous. They belong at most to three different series, the 
series being separated from each other by long periods of 
time. The oldest of the formations in the county, occurring 
at the surface, belongs to the later part of the Carboniferous 
system; the next in order of age is a member of the Upper 
Cretaceou(series; and lastly there are Pleistocene beds con-
sisting of the loose deposits of drift, loess and alluvium which 
cover by far the greater part of the surface. The Carbonif-
erous and Cretaceous are marine deposits; the Pleistocene 
beds owe their origin to the action, first, of glacial ice, and, 
second .. of winds and surface drainage waters. The two 
marinej deposits are separated by an interval equal to the 
Permian, Triassic, Jurassic and Lower Cretaceous combined; 
the Upper Cretaceous is separated from the Pleistocene by 
the whole length of the Tertiary. The taxonomic relations 
of the strata~are shown in the following: 
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'SYNOPTICAL T ABLE OF THE GEOLOGICAL FORM ATIONS OF PAGE COUNTY. 
G IWUP . I SYSTE~1. SERIES. STAGE. 
Recent. Alluvial Deposits. 
Cenozoic. Pleistocene. 
Glacial Kansan Drifti' 
Mesozoic. Cretaceous. Upper Cretaceous. Dakota Sandstone. 
Paleozoic Carboniferous. Upper Carboniferous Missourian Limestoneii 
or Pennsylvanian. and Shales. 
The Carboniferous System. 
MISSOURIAN STAGE. 
General Discussion (In R elations of the Strata. -The deposits of 
the Missourian stage are made up of alternating beds of shales 
and limestones, the shales predominating so that much the 
greater part of the entire formation is composed of argilla-
ceous strata. To appreciate the conditions under which these 
.deposits are exposed in Page county, and generally in south-
western Iowa, it is necessary to have in mind some facts 
relating to the geological history of the region as well as to 
the characteristics of the indurated rocks. This region, with 
its relatively thin beds of limestone alternating with much 
thicker beds of shale, was subject to erosion for long periods 
before the beginning of the glacial 8poch. Valleys were cut, 
and on their sides, as noted on a preceding page, the shale 
beds formed long gentle slopes, while the limestones gave rise 
to more or less prominent offsets or escarpments. During 
the glacial epoch this surface was deeply covered with drift, 
the depth of the till sheet averaging probably not less than 
200 feet. All the indurated rocks were thus effectually con-
cealed; an4 were it not for subsequent erosion, our knowledge 
of the preglacial geology of this portion of the state would 
now be very imperfect, since any knowledge of the subject 
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could have been gained only at the expense of deep borings. 
Since the gla.cial epoch the streams, in the main following 
the old water courses, have cut in places down to the level of 
the walls of the ancient valleys. Where limestones occurred 
the beds now project more or less, owing to their greater 
power of resisting the processes of weathering. On the 
other hand any shales which may have been exposed by late 
erosion, have broken down as rapidly as the streams cut into 
them and so have been reduced to gentle slopes which were at 
once concealed by their own waste or the wash from higher --
levels. Such surfaces are now, in general, sodded over and 
blend indistinguishably into the slopes produced by erosion 
of the drift. It thus comes about that while the shale beds 
are much thicker than the limestones in the Missourian stage, 
the limestones are much the more conspicuous. By far the 
greater part of Page county, however, is yet covered with 
its mantle of drift; it is only in a few places that the lime-
stone strata with some associated shaly layers are available 
for study; and an examination of these natural exposures 
tends to create the erroneous impression, so generally enter-
tained by the earlier observers who visited the region, that-
the formation is made up largely of limestones. 
There seem to be two distinct limestone horizons in Page 
county, the first being exposed at intervals along the two 
branches of the Nodaway, while the second is typically devel-
oped in the valley of the east Tarkio. The limestones on the 
Tarkio were correlated by White with certain members of the 
Winterset section, but he is less explicit in correlating the 
calcareous beds exposed at Braddyville, Hawleyville and 
other localities in the eastern part of the county. * It now 
seems certain, however, that the Page county limestones lie 
some hundreds of feet above the top of the Winterset section. 
"In the report of the Geological Survey of the State of Iowa, by Dr. Charles A. White, published 
in 1870, in discussing the Geology of Page county, on page 349, the general s tatement is made that 
"The strata thus far discovered [in the county] are all referred to the horizon of the lower balf of the 
series of limestones and shales of the Winterset section." In speaking of the limestones on the 
Tarkio, page 352, certain layers are definitely and ex plicitly regarded as "equivalent with No.2 and 
NO.3 of the Winterset section, in Madison county _" 
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Near Clarinda, in the Sw. i of Section 36, Tp. 69 N., R. XXXVII 
W., a prospect hole was bored for coal. The drilling was car-
ried to a depth of 1002 feet, and the par:t of the record which 
seems to relate to shales and limestones of the Missourian 
stage, is as follows: 
THICK-
NESS. DEPTH. 
9. Clay and gravel (Pleistocene) . . . . . . . . . . . .. 50 50 
8. Shale, partly marly, varying in color...... 100 150 
7. Limestone................................ II 155 
6. Light shale............................... 20 175 
5. Very hard limestone.. ... . . .. . .. .... .. .. .. 20 195 
4. Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 105 800 
3. Limestone................................ 20 820 
2. Shale, partly marly. black, blue and red .. 180 500 
1. Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 520 
Only thin beds of limestone, and these separated by thick 
shales, are reported from a depth greater than 520 feet. No. 
1 in the preceding table seems therefore to be the base of the 
Missourian, and to correspond to the Winterset limestones 
described by White and Bain in Madison and Decatur coun-
ties. No. 8 evidently lies below the level of the Braddyville 
and Hawleyville limestones, and the limestones of the East 
Tarkio are yet 125 feet higher than those exposed on the 
Nodaways. The total thickness of the Missourian in Page 
county is at least 625 feet. This agrees well, so far as thick-
ness is concerned, with determinations made by Professor 
Norton, in his study of drillings from the deep well at Glen-
wood, a locality about forty-five miles in a straight line 
northwest of Clarinda. According to his interpretation the 
equivalents of the Winterset section are found in alternating 
beds of shale and limestone from 740 to 815 feet below the 
surface; and, subtracting the 175 feet of loose surface mate-
rials, the base of the Winterset section is 640 feet below the 
stratum which, at Glenwood, constitutes the top of the Mis-
sourian. The rocks immediately beneath the drift at Glen-
wood are limestones which, as will at once be noted, occupy 
es:;entially the position in the series that would be assigned 
32 
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to the limestone ledges outcropping in the valley of the East 
Tarkio. Beyond the mere matter of thickness, however, the 
parallelism between the Glenwood and Page county sections 
of the Missourian does not seem to extend; for the reported 
beds of limestone in the Clarinda boring are thin, few in 
number: and far apart as compared with the limestone layers 
penetrated at Glenwood. For example, in that portion of the 
Glenwood section which should correspond to the part of the 
section at Clarinda referred to the Missourian, there are SlX-
teen limestone layers recorded in place of four; and their 
aggregate thickness is 240 feet, against the sixty-five feet at 
Clarinda. It must be said, however, that samples of drillings 
from the test hole at Clarinda were not examined by anyone 
connected with the Survey. The person who kindly furnished 
a copy of the record, as it was preserved, reports that" a man 
took the layers passed through, but it is not very perfect." 
The object of the boring was to find coal, the depth of the 
hole at different stages was determined with reliable accu-
racy, but it is possible that the limestones were not always 
carefully discriminated from the shales, and that a part of the 
discrepancy between the two records referred to may be thus 
accounted for. 
In the Iowa Academy paper of Keyes, already cited, the 
Missourian formation is divided as in the following table. 
The thickness assigned by Keyes to the several beds, from a 
study of the whole field, is given in the first column of figures; 
while in the second column is given the thickness of what 
seem to be the corresponding members as they appear in the 
drill hole at Clarinda. The difference between the minimum 
and maximum thickness of the several portions of the Mis-
sourian, while seemingly large, is probably not greater than 
occurs in other sedimentary deposits which extend over large 
geographical areas: 
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Missourian Formations. 
THICKNESS. 
DIVISIONS OF THE MISSOUIUAN, KEYES . 
General Section. I At Clarinda. 
11 Cottonwood limestone . .. ....... . . . . ' .. . . 
10 Atchison shales, ... , . . . . . . . . . .. . ... .. . . 
9 Forbes limestone. , . , . , .... . .. ... .. . .. .. . 
8 Platte shales ... .. . , , .. , , , ..... .. . . . , .. . . 
7 Plattsmouth limestones .... , ...... ... . . 
6 Lawrence shales . ................ ... . . . 
5 Stanton limestones ... ......... . ...... .. . 
4 Parkville shales .. , . , ... , ... . . , , ... .. .. . . 
3 lola limestone, , .......... ... . . .. ... .. . . . 
2 Thayer shales . ... ... ... .... ... ..... .. .. . 
1 Bethany limestones . . . ... .. . .......... . 
10 
500 
30 
150 
30 
300 
35 
100 
50 
75 
100 
100 
5 
20 
20 
1011 
20 
180 
20 
Oor1'elations.-The Bethany limestones of the general section 
of Keyes are practically identical with the alternating beds 
of shale and limestone in White's Winterset section. In the 
record of the Olarinda well it is probable that the upper por-
tion of the Bethany or Winterset division was counted as 
shales and appears in the greatly increased thickness of No. 
2. Nos. 1 to 5, inclusive, have about the same aggregate 
thickness in both columns and it would require very little 
adjustment to bring about practical agreement; but the great 
discrepancy in No.6 can only be harmonized on the hypothesis 
of local differences in the rate of sedimentation. Whatever 
may be said, however, about the accuracy of the assumed 
correlations between the members of the general section and 
the section penetrated by the drill at Olarinda, there is no 
question that the limestones ~n the Nodaways, at Hawleyville 
and Braddyville, are the exact equivalent of what has been 
called by Keyes the Forbes limestone. This limestone is over-
lain by shales-the Atchison shales of Keyes, the Wabaunsee 
of Prosser-which attain a great thickness in Nodaway and 
Atchison counties, Missouri. A section of these shales 125 
feet in thickness is exposed near Burlington Junction, in Mis-
souri, and at the base of the section occurs the Nodaway coal 
seam which is recognized q,s marking a de:6.nite horizon near 
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the junction of the Forbes and Atchison divisions of the Mis-
sourian formation. It is the basal portion of the Atchison or 
Wabaunsee shales that is penetrated by the shafts of the coal 
mines in the neighborhood of Clarinda and Shambaugh. At 
the Ingraham coal mine, in the northeast quarter of section 11, 
Tp. 68 N., R. XXXVII W., there is a thickness of seventy-five 
feet of this shale between the limestone cap rock and the base 
of the drift, and near Shambaugh the cap rock is overlain by 
sixty or seventy feet of the same formation. Between six 
and seven miles southwest of Shambaugh, in the northwest 
quarter of section 29, Amity township, Mr. G. H. Lowrey 
passed t~rough more than 100 feet of shale without reaching 
the cap-rock overlying the Nodaway coal. On the farm of 
Mr. H. Larrabee, in the southwest quarter of section 22, 
Tarkio township, an 18 inch seam of coal was found in boring 
a well, at a depth of 180 feet from the surface. There can be 
little doubt that this is the Nodaway coal; and yet if the dip 
between the old Shambaugh mill, in section 7 of East River 
township, and the Ingraham coal mine two miles to the west, 
were constant, the coal seam in the Larrabee well should be 
more than ~OO feet from the surface. Sixty feet below the 
mouth of the Larrabee well, and about sixty feet above the 
level of the water in the east Tarkio, there are numerous 
outcrops of the limestones for which the Tarkio valley has 
long been noted. These limestones lie about 125 feet above 
the Nodaway coal seam and constitute the second and last 
assemblage of limestones in Page county. Furthermore these 
limestones are evidently the southward extension of the beds 
which are quarried on a comparatively large scale near Sten-
nett in Montgomery county; and these, on the other hand, 
are the equivalent of the limestones near Macedonia in 
Pottawattamie. At Stennett some of the beds are unusually 
rich in the small grain-like fossil cailed Fusulina, and Fusulina 
is the most common and characteristic form in certain beds 
along the Tarkio and near Macedonia. While it is not possible 
to attach much importance to the presence of Fusulina, 
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since it occurs in all the Missourian limestones from the 
Bethany upwards, the species-Fusulina cylindt'ica-attains 
an unusual development at this horizon. Now the Cotton-
wood limestone of Kansas and Nebraska is rich in Fusulina, 
so much so that it ha<; been referred to in the literature of 
geology as the "Fusulina limestone." The Cottonwood beds 
have been traced from Kansas into Nebraska, up opposite 
Iowa, along the high land forming the rim of the Missouri 
river valley; and it need occasion no surprise if they should 
be found at essentially the same level on the east side of the 
river. The occurrence of this uppermost limestone of the 
Missourian stage in Page, Montgomery and Pottawattamie 
counties in Iowa would be all the more probable if, as seems 
to be the case, the body of shales which attains such great 
thickness in Atchison county, Missouri, and the adjacent 
parts of Kansas and Nebraska, thins rapidly towards the 
northeast. 
It must be said, however, that the 'discussion of this prob-
lem, in the present state of knowledge, is not likely to lead 
to definite conclusions. For example, it is difficult to recon-
cile the great amount of limestone reported from the Glen-
wood well* with the results of observations in other locali-
ties. The great number and thickness of the calcareous 
layers so reported may mean that the development of lime-
stones is different in different parts of the Missourian area; 
that beds occur in one place, which, by thinning out in cer-
tain directions, are not found in other places; and that it is 
not possible to correlate all the limestones known in Page, 
Pottawattamie and neighboring counties with the members 
of the general section studied by Broadhead, Prosser. 
Haworth, and Keyes, in regions farther south and west, 
However the facts may be interpreted or explained, it is 
certain that the great body of shale which overlies the Noda-
way coal in Page county and which is exposed in natural sec-
tion near Burlington Junction, Missouri, appears not to be 
*Iowa Geo!. Surv., vol VI, pp. 3.3-345. 
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represented in the Glenwood well. The coal shafts of Page 
county go through a thickness of 100 feet of these shales in 
which there is not a trar.e of limestone; and in the Burling-
ton Junction section of fully 125 feet, there are only occa-
sional impure calcareous bands which at most attain a 
thickness of a few inches, but there is nothing that would be 
regarded as limestone. On the other hand, in the Glen wood 
record, the thickest of the non-calcareous beds which could 
correspond to the Atchison shales of Keyes, does not exceed 
F IG.:32. Exposure of the Forbes limestone near Hawleyville . 
twenty feet. Whether, therefore, the limestones on the 
Tarkio are to be correlated with the Cottonwood limestone 
of Kansas and Nebraska: or whether they are beds that 
feather out before reaching the states mentioned, is a prob-
lem which must be left to future investigation. 
Typical Sections of the .Missou1'ian in Page Oounty.-The 
limestones exposed along the Nodaways constitute the lowest 
member of the Missourian seen in Page county. As already 
noted, they may be correlated with the Forbes limestone of 
Keyes; and according to this author they are the fifth of the 
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series of calcareous beds occurring in the Missourian-stage. 
One of the best exposures of the beds in question is seen 
near Hawleyville, in the southea"3t quarter of the southeast 
quarter of section 12, Nebraska township. The land is owned 
by Mr. J. M. Molnux, and it is traversed by a small ravine 
which enters Page from Taylor county. The small valley is 
occupied by an intermittent stream which carries the surplus 
storm waters from a rather limited area to the East Noda-
way. At the point where the ravine crosses the county line, 
and for a few rods down the valley towards the west, layers 
of limestone alternating with shale occur in the steep bank 
on the south side of the valley (Fig. 32). The following 
detailed section may be noted: 
14. An aqueous loess-like silt with occasional peb-
bles and small pockets of red sand near the 
base ..................................... . 
13. Gravel composed of crystalline pebbles ...... . 
12. Drift with pebbles and small cobblestones ... . 
11. Yellow marly fossiliferous shale. . . . .. . ..... . 
10. Limestone somewhat decayed and broken into 
irregularly shaped fragments; nodular in 
places, sometimes apparently made up of a 
FBET. INCHBS. 
10-15 
0 3-10 
1 
1 8 
single layer, in some places dou ble. . . . . . . . .. 0 6-11 
9. Dark, oarbonaceous. fossiliferous shale contain-
ing such forms as Rhombopora lePidoden-
droides, Clwnetes granulifera, Chonetes ver-
neuiliana . Derbya crassa, Amboca:lia plano-
convexa, Athyris subtilita, Belteropho1t car-
bonarius, and the small S.raparullu:; uescribeu 
by Hall in. his report on the Geology of Iowa 
as Euomphalus rugosus,-the Straparoltus 
catilloides (Conrad) of Ktlyes. . . . . . . . . . . . . . . . 0 6 
8. Dark colored, earthy or clayey limestone with 
many of the specieR of fossils found in No.9. 0 6 
7. Shale gray in color, but otherwise similar to No. 
9 and containing the same fossils ........ _" 0 8 
6. Dark, carbonaceous, slaty or fissile shale. ..... 2 
5. Limestone separated into two layers by a thin 
band which is ver.v rich in a species of Ver-
bya differing slightly from the normal aver-
age form of Derbya crassa. The same form 
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of Derbya occurs in the overlying portion of 
the limestone ............................. . 
4. Gray, lean shale ... ... .. . ....... . ..... .. .... . 
S. Limestone in th\.. form of nodules a few inches 
in thickness, nodules disconnected, not form-
ing a continuoua layer ...... .. .. . ... ... .... . 
2. Light colored shale .. _ ...... . ........ . . .. .... . 
1. Limestone in the bottom of the creek. thickness 
not measured. 
FRET. INC HES. 
1 
0 6 
0 8 
One-fourth of a mile farther up the small valley, in Taylor 
county, there are a number of exposures which show that the 
yellow shale, No. 11 of the section described, has a thickness 
of four feet, and t·hat the upper part of this layer contains 
disconnected slabs of an impure but very fossiliferous lime-
stone. Ohonetes g1'anulife?'a is the most abundant species, but 
Productu8 cora, Myalina 8ubquadmta and a species of Pinna 
also occur. A number of small slabs containing Fusulina 
cylind1'ica were found on the weathered slopes, but the bed 
from which they came was not seen in place. 
In the west bank of the river, south of the mill at Braddy-
ville, a very interesting section was formerly exposed; but 
the surface has more recently been covered with riprap to 
protect the bed of the railway which is here located near the 
edge of the slope. It is still possible to make out the suc-
cession of beds described in the following section: 
FEET. INCHES. 
10. Thin band of impure limestone.. . . . . .. .. . ... . 0 6 
II. Yellowish, fossiliferoul shale . ...... _ . . . . . . . . . 1 3 
8. Black, sla.ty, carbonaceous shale splitting up 
into thin, brittle laminre_ ....... .. ... ....... 2 
7. Impure limestone with many shells of Derbya 
embedded in the lower part of the layer; in 
the upper part the fOBlils are comminuted 
and indistinguishable..... . . . . . . . . . . . . . . . . . . 0 8 
6. Thin band of shale crowded with the same 
form of Derbya occurring in No.5 of the 
Hawleyville section. This form is inter-
mediate between Derbya crassa and Derbya 
robusta... . ...... .......... ................. 0 2 
r 
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FEET. 'NC IIES. 
5. Thin bed of limestone like No.7 containing 
shells of Derbya and MyaJina. . .... . . ... . . .. 0 2 
4. Dark :shale varying somewhat in thickness, 
about. ... ... . .. .... . . . . ....... . .... .. . . .. .. 1 
3. Hard, impure, nodular limestone, breaking into 
fragments on exposure to the weather. .... . 0 8 
2. Light drab shale, imperfectly laminated and 
containing concretionary nodules....... .. . 2 
1. Limestone beneath the level of the water in the 
river. 
This section is essentially the same as the preceding one. 
The equivalent of No. 5 of the Hawleyville exposure is 
divided into its three constituent parts in the notes of the 
Braddyville section and numbered 5,6 and 7. Numbers 8 and 
10 above represent 6 and 8 respectively at Hawleyville; the 
two foot band of black, brittle shale and the six inch layer of 
limestone being identical in the two localities. Above num-
ber 10 the section at Braddyville is so much altered by 
weathering and creep that the succession of beds is rather 
obscure. Some of the shale beds, especially numbers 2 and 
9, are at Braddyville much thicker than their equivalents 
farther to the northeast. 
Before the advent of the railway and the application of 
riprap to the bank, the beds at this point were much better 
exposed; and certain layers above the level of those now 
accessible to observation furnished a large number of species 
of fossils unusually well preserved. The region was visited 
by the writer in 1875, and the following partial list of species 
is based on collections made at that time: 
Fusulina cylindrica Fischer, Fistulipora noduli/era Meek, 
Derbya robusta Hall, Chonetes granuliiera Owen, 
Cho1tetes vernettiliana N orwood&Pratten, Produclus costatus Sowerby, 
Productus semireticulatus Martiu, Productus longispinus Sowerby, 
Producltts cora D'Orbigny, 
Orthis pecosi Marcou, 
Spiriier cameratus Morton, 
Athyris (Seminuta) subhtita Hall, 
Productus symmetricus McChesney, 
Dielasma bovidens Morton, 
Spiriierina kentuckiensis Shumard, 
Hustedia mormoni Marcou. 
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At the site of the old Shambaugh mill (Fig. 33), in the Sw. 
i of the Nw. i of section 7, East River township, there is an 
exposure whIch shows: 
FEET. INCHES. 
9. Yellow, weathered shale......... .... ......... 4 
8. Black shale.. ........ ............. .. .......... 1 
7. Yellow shale ................................ . 
6. Yellowish, impure limestone which at the north 
end of the exposure is in two layers-the 
upper 14, and the lower 18 inches in thick-
ness. The lower bed thins and runs out in 
!I. few yards toward the south. Average 
1 
thicknees. . . . . . . . . . . . . . . . . .. "..... .... .... 2 
FIG. 33. The site of the old Shambaugh mill near Clarinda. 
5. Yellowish shale, present)n some parts of the 
3 
exposure and not in others . .... . . . . . . . . . . . . . 0 .. 6 
4. Black slaty shale.............................. 0 (j 
3. Grayish, fossiliferobs, non-laminated shale 
which disappears and re-appears in dis-
tances of a few yards. Among the fossil 
species noted are: Lopltopltyllum prolif-
erutn, plates and spines of Zeacrinus, Rhom-
bopora lept'dodendroides, Chondes gra1l1tlifera, 
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Productus longispinus, Productzes pertenuis, 
Derbya crassa represE'nted by numerous 
small, fragile individuals, Spiriferina ken-
tttckiensis, AmboclElia planoc01tvexa, repre-
sented chiefly by detached valves, but very 
abundant, Athyris sttbtilita. Straparollus 
catilloides, Bellorophon percarinatus, Bel-
leropltOn carbonarius, and It small Pleura to-
maria. 
FEET. INCHES. 
2 
2. Coal . . ... . ..... . ... ..... . ....... .. ... ... . . ..... 1 6 
1. Drab shale down to river .... ................. 8 
The members of this section above No.2 are all very varia-
ble in thickness. At the north end of the exposure the fossil-
iferous bed, No.3, t.hins out, and bed No.4 rests directly on 
the coal. The fossiliferous bed, however, is quite generally 
present at this horizon. The dull gray, non-fissile clay of 
which it is composed, crowded with its characteristic and 
characteristically preserved fossils, is readily recognized in 
the waste dumps from the coal mines of the region. Its 
presence is thus detected at all the old coal mines on the 
east side of the river south of the exposure described. It is 
recognized in the Howard mine and other mines near the vil-
lage of Shambaugh, and it appears with all its characteristic 
features in the mines at Henshaw in Taylor county. The 
coal, No. 2, is the Nodaway coal, which is the basis of all the 
coal mining in the neighborhood of Clarinda and Shambaugh. 
The foregoing section lies above the beds exposed at Haw-
leyville and Braddyville. The exposure at Braddyville seems 
to be the summit of a small anticlinal fold as suggested by 
White, for the coal is about at the level of the river at Sham-
baugh, and at Burlington Juncti9n it has descended until it 
lies thirty feet below the water level. Eight or nine miles 
north of Villisca, on the east braw.ch of the Nodaway in 
Montgomery county, there is a small mine in which the coal 
is found about thirty feet above the water in the stream. It 
appears, therefore, that the average dip of the strata is a 
little greater than the descent of the valley. The top of the 
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limestone, No.6, which forms the cap-rock of the coal 
throug'hout all this region may be regarded aH forming the 
division between the Forbes limestone and the Atchison shales. 
It is part of the system of limestone beds alternating with 
shales, seen at Hawleyville and Braddyville, and no other 
limestone layer of any consequence occurs above it for a dis-
tance of more than 100 feet. 
The lower part of the heavy body of shale which lies 
above the cap-rock limestone is penetrated by the shafts of 
the Howard and Fulk mines in the Nw. i of section 36, Har-
lan township, by the shaft of the Ingraham mine near Clar-
inda, and by all the other coal shafts in the eastern part of 
the county. But these shafts are now timbered so as to hide 
the section, the only facts now obtainable being that they 
passed through beds of variously colored shale. A good 
natural section of these shales is exposed near Burlington 
J unction, Missouri, and a brief description of it will help to 
illustrate the character of the beds overlying the Nodaway 
coal and the cap-rock limestone. The colors of the exposed 
beds, it will be remembered, have been modified by weather-
ing, and are not those which would be found in sinking a 
shaft through fresh strata. 
F E ET . I NC HE S . 
20. Blue shale.... . . .... . .. . . .. .... . .. ..... .. . .. 10 
19. Yellowish green, calcareous shale.. . . . . . . . . . . 0 3 
18. Concretionary marly shale. . . . . . . . . . . . . . . . . . . . 2 
17. Bluish green shale, not calcareous . . .. ........ 3 
Hi. Yellowish, calcareous concrE'tionary shale.... 1 6 
15. Greenish blue shale. . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
14. Calcareous, ferruginous sandstone . . . . .. ..... . 0 6 
13. Sandy shale with concretionary nodules in the 
upper part; the nodules showing ~he struc-
ture of septaria . . . ... .. ...... . ..... . .. . . .. 10 
12. Band of impure limestone with obscure impres· 
sions of fossils . . ~ .. ... . ................... 2 
11. Sandy shale . .... . ...... . . . ... . .. . . .. .. . . . .. .. 2 
10. Thin bands of fossiliferous limestone, with 
Producius cora and other species, alternating 
wi~h sandy shale which carries septarian 
nodules near the bottom.................... /) 
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FEET. INCHE S. 
9. Gray shale ... . . . . " ... . . .. . . . . .. . . . . . . . . .. . .. 3 
8. Thin layer showing cone-in-cone at top and 
bottom, structureless in the middle...... . .. 0 7 
7. Gray shale with occasional large septarian 
nodules.. . .. . ...... . .. . ..... . . . .. .. . . ... . ... 25 
6. Calcareous band with plates of Zeacriul1S. Fils-
tulipora and Rhombopora, Prodllctus longi-
spin ItS , P. nebrascensis , P. semiretic1ilalus , 
Spirifel'ina kentuckiensis, AmboclXlia plano-
convexa aud Straparollus catilloide$... . . . . . . 0 4 
5. Dark shale, with some calcareous bands, fossil-
iferous near top, d own to level of water in 
the river. . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . 25 
4. Shale in shah of coal mine a short distance 
from where the section was taken, below 
level of river. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
3. Cap-rock. _ .. .. .. . ... . . . .. . . . . . . , . ... . ....... 2 
2. Shale above coal.. . . . . .. .... . ....... . . .. .. . 4 
1. Coal ... . ....... .. . . ......... . . .... . . . . . .. . .. 1 6 
The Burlington Junction section shows the beds immedi-
ately above the coal, but it evidently includes only a part of 
the whole thickness of the Atchison shales. To these shales, 
as already noted, Keyes assigns a thickness in northwestern 
Missouri of 500 feet. At all events, at the Burlington J unc-
tion exposures there are no indications of the next lime-
stone- the Cottonwood limestone-- which should follow the 
shales in ascending order. 
It must be said, however, that the Atchison shales either 
thin out rapidly toward the northeast, or they are divided by 
a limestone which does not extend into -Missouri, Nebraska 
and Kansas, where the Missourian formations have been 
most carefully studied; for in the valley of the Tarkio in 
Page county there is a very conspicuous limestone which 
seems to hold a position only about 125 feet above the sec-
tions exposed on the Nodaways. Beginning at Coin and 
extending up the valley, especially along the east branch of 
the Tarkio, heavy limestone ledges are quarried, the quarries 
occurring at intervals up to the north line of the county. 
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Near Coin there is a quarry of this limestone on the land of 
Mr. J. H. Palmer, on the Sw. t of the Se. t of section 29, 
Lincoln township. Owing to weathering and decay the 
. ledges are here somewhat displaced, and the detached blocks 
occur in clayey, residual materials. The true relations of the 
beds cannot be made out; but weathered bowlders of the lime-
stone indicate that the upper layer is rich in Fusulina; while 
beds that seem to have been displaced but little, and show 
only slight effects of , weathering, furnish very excellent 
)-
building stone in the form of a blue, fine-grained layer, sixteen 
inches thick, which breaks readHy at right angles to the bed-
ding planes into blocks suitable for use in all kinds of sub-
stantial masonry. A few rods southwest of the point where 
the building stone is taken out, and at a lower level, there is 
an exposure, in place, of another bed of limestone, which, 
however, is soft and easily decomposed. 'rhis limestone 
crops out for some distance in the hillside, between the 
Palmer homestead and the river. 
More satisfactory sections of the Tarkio limestone are 
found farther up the valley. In sections 22 and 27 of Tarkio 
township there are a number of quarries and natural expo-
sures from which it is possible to make out the following suc-
cession of the beds belonging to this horizon: 
FEET. INCHES. 
8. FUl!ulina limestone ........................... . 
7. Shale .... '.. .. ......... .. ... . .............. ... 3 to 5 
6. Limestone, rather soft........... . ............. 0 8 
5. Blue, fine ' grained, bard limestone, breaking at 
right angles to the bedding planes into 
excellent blocks for building purposes. The 
most important quarry stone of the county.. 1 4 
4. Sbale....... . ... . . ....... ... .................. 12 
3. Limestone rather softer than No.5, but of fair 
quality.... .. .. .. .. ........ . . .. ... .... . ... . 1 6 
2. Shale ... ·•......... ... ......... ...... ... . .. . .... 3 6 
1. Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
The quarry ledge has been worked quite extensively on the 
land of Mr. Geers, on the Nw. t of section 27. The work has 
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been carried on lengthwise along the slope of the west side of 
the valley, so that operations have not been carried very far 
into the hill. Near the <iurface the shale No.7 has suffered 
by decay and weathering, and allowed the Fusulina bed, No.8, 
to come down upon No.6; but where a fresher part of the 
section is exposed the shale attains the thickness reported 
above. On the farm of Mr. Wolf Miller, in the Se. i of the 
same section, a large quantity of stone has been taken out; 
but since the one ledge, No.5, is all that is sought for, there 
has been no effort made to maintain a quarry face which would 
show a section of the beds. At a few points the Fusulina layer 
is seen resting on No.6, the intervening shale having been 
wasted and removed by weathering. 
The beds below No. 5 are shown in a well on the Geers 
place. No.3 is seen naturally exposed near the barn of Mr. 
Harlan in the Sw. iof theSe. iofsection22; while the blue ledge, 
No.5, is quarried a little farther up on the hillside. There are 
several small quarries on the land of Mr. Barrabee, in the Sw. 
t of section 22. In the N e. i of section 15, Mr. O. Erickson has a 
a quarry which uses the ledges numbered 1 and 3. These beds, 
each separable into two or three distinct layers, are thiC'ker and 
firmer here than they are farther south, and the intervening 
shale is much reduced. A good quality of stone is taken out, 
and it is obtained with greater ease than the products of some 
of the other quarries noted. M.1Jalina subquadJrata is a com-
mon fossil in the Erickson quarry. On the north side of the 
road from Erickson's, in the Se. i of section 10, stone has been 
taken from the same beds worked in the Erickson quarry and 
also from the characteristic "blue ledge" of this region, No. 
5. There are many other openings furnishing stone along this 
branch of the Tarkio. Mr. C. Apple has a quarry in section 14, 
of Tarkio township; and farther north, in Fremont town,ship, 
there are quarries in sections 24,25,35, and 36. There are also 
some openings on the smaller branches of the stream in 
Douglas township. 
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Some of the best natural exposures of the limestone of the 
Tarkio are seen in the bed of a small stream near the south-
west corner of section 18, and the adjoining part of 19, in 
Douglas township. On the south side of the road running 
between these sections there is an exposure due to undercut-
ting of the stream, which shows: 
FEET. INCHES. 
5. The limestone cap above the quarry ledge.. .... 0 8 
4. The "blue ledge" of the quarries farther south. 1 2 
3. Calcareous shale containing numerous fossils. 
such ItA Fttsldina cylindrica, RllOlIIbopora 
lepidodendroides, Derbya crassa, Meekella 
striatocostata, E1tteletes liemiplicata, Cho-
netes gra1tulifera, ProductltS nebrasce1lsis, P. 
semirdicttlaltts, P. cora, p,tgnax Itta, Spi1'-
irer camerat1ts, A1IIboccelia Pla1toconvexa, 
Athyris sltbtilita, together with numerous 
stem segments of Zeacrinus.. ... .... . .. . .... 7 
2. Calcareous, yellow, marly clay. . . .. . . . . .. ... . . 0 4 
1. Limestone with fossil fragments, generally bar-
ren, soft and yellow when weathered, but 
harder and bluer when fresh.. .... . ... .. ... . 2 
No. 1 comes down to the level of the bottom of the creek 
and is the equivalent of No.3 of the preceding section. No. 
2 of this section was not recognized farther south . The 
other members will be easily correlated. No.3 is somewhat 
variable in its characteristics. The fossils are not distrib-
uted uniformly in any of the layers, but seem to have formed 
local colonies. East of the point where the section was 
made, ledg'es 4 and 5 are exposed continuously for some dis-
tance along the sides of the small valley. On the north side 
of the road there is a bed of ljmestone in the bed of the 
creek, which lies below No. 1. At all of the quarries visited, 
with the exception of those mentioned at Erickson'S, the 
"blue ledge" is the only bed that is regarded with favor. 
In Fremont township the eight inch layer, No.6, affords 
servicable quarry stone for some purposes. 
The limestones exposed in the Tarkio valley have an 
inclination southward a little greater than the grade of the 
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st ream. In sections 22 and 27, Tarkio township, they have 
an elevation about fifty feet above the water in the channel, 
while at Coin they are less than twenty-five feet above the 
water level. As a whole the calcareous beds, particularly 1, 
3 and 6, increase in thickness and firmness toward the north, 
while the alternating shale beds become correspondingly 
thinner. Near Stennett, in Montgomery county, what are 
evident ly the equivalents of the limestones under considera-
FIG. 34. Exposure of the ' 'blue ledge" and associated strata southeast of Essex. 
tion have become much thicker at the expense of the inter-
vening shales, and a greater number of the layers are 
crowded with the small grain-like shells of ·Fusulina. 
One of the few exposures of the indurated rocks occurring 
in the western part of the county is seen in the valley of a 
small creek in section 31 Fremont township, and section 36 of 
P ierce, a mile ~nd ~ 4~lf Qr two miles southeast of Esse~. 
33 
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The beds are the equivalent of those seen on the Tarkio. 
The eight-inch cap and the sixteen-inch blue ledge, under-
lain by shale, are shown in figure 34. The blue ledge is the 
same fine-grained, compact stone that it is farther east, and 
it breaks into blocks at right angles to the bedding planes 
the same as elsewhere. The eight-inch layer is here sepa-
rated from the blue ledge by a thin bed of shale. The Fusu-
Una limestone, No.8 of the Tarkio section, is not quite so 
rich in the small shells which give character to this bed 
farther east, and which are so exceedingly common at Sten-
nett. While certain parts of the bed are crowded with the 
small fossils in questiop, other parts are quite barren. This 
bed carries other species of fossils to a somewhat greater 
extent than elsewhere. Enteletes hemiplicata, Productus semi-
1'eticulatus, P. lonqispinus and Amboc03Ua planoconvexa are 
among the forms noted. At this point many Fusulina occur 
in the blue ledge. This exposure near Essex illustrates the 
fact that, except in a general way and in the case of a very 
few persistent layers, the str,ata of the Missourian stage are 
exceedingly inconstant in thickness and lithological charac-
ters. There is here a strong dip to the west, but the grade 
of the stream channel is greater in this direction than the 
dip. On this account lower and lower beds appear succes-
sively when the exposure, which continues some two or three 
hundred yards west of the township line, is followed down ' 
the valley. The most variable beds are those which lie 
below the level of the blue ledge. A certain layer, for exam-
ple, when first seen in the bed of the stream, is calcareous, 
hard, firm, and breaks off at right angles to form a miniature 
fall. Traced farther down as it appears in the bank, it grades 
into a soft shale. Other layers show the same transition from 
a limestone in one place to shale in another. The limestone 
does not feather out, but it grades out, the layer persisting, 
but becoming more and more argillaceous until it grades into 
a t rue shale. Even the blue ledge, the most persistent of 
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all, varies in thickness and in fossil contents, certain parts 
being rich in Fusulina, while others show none. 
The relations of the Tarkio limestones to the Nodaway lime-
stones have not been very satisfactorily determined. The 
Nodaway beds dip to the west quite rapidly as shown by the 
difference in altitude between the coal seam at the site of the 
old Sham.baugh mill near Clarinda, and at the Ingraham mine 
a mile or two to the west. The dip, if constant, would carry 
the coal about 300 feet below the level of the limestone in the 
Tarkio valley. The dips, however, are not consta.nt.. The 
strata are folded more or less; and the deep mantle of drift 
prec] udes the possibility of following the beds from one locality 
to another. A well bored on the farm of Mr. H. Larrabee, in 
the Sw. t of section 22, Tarkio township, was carried down to a 
depth of 300 feet; and an eighteen inch bed of coal is reported 
at a depth of 180 feet from the surface. This is beyond much 
question the Nodaway coal, lying much nearer the surface 
tha.n would be expected if the strata had a uniform dip. From 
the position of the well mouth the depth of the coal below the 
Tarkio limestone is found to be about 125 feet. 
On land belonging to C. A. Linquist in the Nw. t or section 
24, Fremont township, a thin bed of coal lying above the lime-
stones of the Tarkio valley has been worked on a small scale. 
The shaft.is located on the hill top overlooking the deep valley 
of the east branch of the stream. The section as reported by 
persons who had opened and worked the mine, is: 
FEET. INCHES. 
6. Black soil ...... ... .. .. . . . . . .. . .. ....... . ... : . 1 
5. Red soil, with pebbles (drift) .. . .. .. . ..... . . . .. 40 
4. Bluish clay (may be shale, possibly drift) . ... .. 10 
3. Limestone, roof over coal. . .... . ...... . .... . . 3 
2. Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . 6 to 14 
1. Fire clay . ..... . ............. .. . .. ... . .. . . . ... . 
One of the earlier attempts to work the m'ine was by means 
of a drift on the east side of the hill, starting in at the level 
of the coal. The beds here, as usual, dip slightly to the west 
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so that the drainage was toward the breast of coal instead of 
toward the pit mouth. Another effort was made to open the 
mine on the west side of the hill so as to take advantage of the 
slope in keeping the mine dry ; but the roof limestone proved 
to be shattered and broken, and gave so much trouble that the 
shaft was finally located on the summit of the ridge. The 
level of the coal on the east slope of the ridge is thirty-five 
feet above the blue ledge of limestone, which has been some-
what extensively quarried for half a mile or more along the 
hillside. With the horizon of the Linquist coal may be cor-
related the coal seam found on the land of Mr. O. H. Brewer, 
in the Nw. t of section 20, Tarkio township. The information is 
furnished by Dr. George L. Smith that at a depth of fifty feet, 
commencing about fifteen feet above the bottom of West 
Tarkio creek, Mr. Brewer found a layer of limestone one foot 
in thickness, beneath which occurred four feet of shale and 
one foot of coal. 
Dr. George L. Smith, to whose extensive and accurate knowl-
edge of the geology of the county, the Survey is indebted for 
much of the information relative to the region about Shenan-
doah, writes that he has found a natural exposure of the indu-
rated rocks on the West Tarkio, and the only one in Grant 
township. It occurs in the Se. t of the Se. t of section 25. On the 
east side of the creek, in a gully, there is an exposur~ of "blue 
slate" two and one-half feet in thickness. It lies about ten 
'feet above the level of the water in the creek, and in the 
opinion of Dr. Smith it lies above the horizon of the Linquist 
coal. Dr. Smith's views relative to the stratigraphic position 
of the exposure seem to be well founded, and the" blue slate" 
of this locality may be looked upon as the highest of the Mis-
sourian strata observed in Page county. The entire section 
of this formation, so far as developed in the county, may be 
generalized as follows: 
FEET. 
6. The" blue slate " in section 25, Grant township, thick-
ness unknown .. .. .• . .... . •..• .. .. . , . .. , ..... . . ...• 
DEEP DRILL HOLES. 
FEET. 
5. Linquist coal with overlying beds ...... , .... ..... .. 14 
4. Shale between Linquist coal and the limestones of the 
Tarkio valley.. . . . . . . . . . . . . . . . . . . .. ............. . 35 
3. Limestones of the Tarkio valley and associated shales 27 
2. Shales between Tarkio valley limestones and the Nod-
away coal. ............... .. .... . .................. 125 
1. Nodaway coal with the limestones and shales at Haw-
leyville and Braddyville ......... .............. .. 20 
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Deep Drill Holes.-There are very few deep drill holes in 
the county which throw any light on the Missourian section. 
The most important boring was put down near Clarinda, and 
to this reference has already been made. The location was 
chosen in the Nodaway valley, and the first rock encountered 
lies below the level of the Hawleyville and Braddyville 
sections. The deep well on the Larrabee farm is important 
as showing the relations of the limestones of the Tarkio 
valley to the Nodaway coal. Some years ago a hole was 
bored to a depth of 700 feet, near the southwest cornp.r of the 
Nw. i of section 21, Grant township; but the only record obtain-
able was the statement that the drill passed through two coal 
beds, each from one foot to eighteen inches in thickness. 
The depth to the coal, or the distance of the seams apart, 
could not be obtained. It is possible, however, that the bor-
ing passed through both the Linquist and the Nodaway seams. 
Even allowing for more than the normal dip toward the south 
and west, the depth of the well was sufficient to pass beyond 
the lowest of the two coal horizons. 
. Another deep drill hole in Grant township is located in the 
Nw. i of section 14. The record as reported shows that the 
drift here is 180 feet in depth; that underneath the drift is a 
body of sandstone sixteen feet in thickness; that at a depth 
of 310 feet a fourteen-inch seam of coal was encountered; and 
that the drill continued down through shales and limestones 
to a depth of 400 feet. All other details are ] acking. The 
sandstone beneath the drift is probably of CretaceQus age 
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and belongs with the formation to be noted under a subse-
quent heading. The fourteen-inch coal is very probably the 
Nodaway seam, as the depth is approximately that at which 
this vein should be found, if present at all. The upper, 
thinner coal of the Linquist horizon may be locally absent, or 
it might easily be overlooked. On land belonging to Mr. 
lj'alk, a few rods southeast of the opening in the side of the 
valley to the Linquist coal mine, a test hole was made in 
search for coal. The boring began below the level of the 
limestones. No samples were kept, but the record as pre-
served in manuscript by Mr. Falk is as follows: 
FEET. 
16. Clay..................... .................. ........ 15 
]5. Limestone............................... . ........... ]t 
14. Blue shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
]3. Brownsoapstone............ ........ .............. 6 
12. Blue soapstone. ... . .. .. ............................ ]3 
11. Soft slate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16 
10. Two ledges of "stone" . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 3 
9. Light clay........................................... 8 
8. Soft slate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
7. "Stone" ... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
6. Dark slate........ ................. ...... ........ . 2 
5 .... Stone"............ ........... .... .... ........ ..... 3 
4. Fire clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
3. Dark slate.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 1 
2. Fire clay .................................. , ........ . 
1. Limestone .. · ................... ".................... 16 
This gives a depth of 116 feet, almost enough, according 
to the record of the Larrabee well, to reach the Nodaway 
coal. If the shale beds, as seems in some instances to be t he 
case, thin toward the north, it may be possible that t he coal 
horizon is represented in the dark Ij!late, No.3, and that the 
limestone, No.1, is equivalent to the beds beneath the coal, 
exposed at Hawleyville and Braddyville. The log of the 
boring, as it stands, is believed to be worthy of permanent 
record; but carefully preserved samples from other borings 
should be submitted to careful study and examination before 
final interpretations or correlations respecting this part of 
the Missourian section are made. 
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The Cretaceous System. 
DAKOTA STAGE. 
Sandstones of the Cretaceous system are indicated at a 
few localities in Page county. They are usually found in 
wells and borings which have penetrated the drift. As a 
rule they are completely concealed by the heavy mantle of 
Pleistocene deposits which everywhere overspread the sur-
face. Neither the ext.ent nor the outlines of the areas in 
which these sandstones occur can at present be known; and 
for t.his reason the areas on the accompanying map, which 
are colored to indicate the presence of the Cretaceous, must 
be regarded as only a provisional attempt to map this forma-
tion. Along Buchanan creek, on the land of Mr. J. D. Max-
well, in the Sw. t of section 15, Buchanan township, there are 
some very unsatisfactory outcrops of a micaceous sandstone 
which is probably Cretaceous. This sandstone has been 
penetrated at a few points where small pits have been dug in 
search for coal. It overlies shales and shaly limestones of 
the Carboniferous. It is not very thick, and the area it 
covers is probably quite limited. Well diggers report a sand-
stone, twenty feet below the surface, in the northern part of 
the town of College Springs. From the best information 
obtainable, the sandstone dips toward the north, and disap-
pears abruptly south of the college. No samples were seen. 
Nothing is known as to the character or thickness of the 
sandstone at this locality. The facts reported by persons . 
familiar with the locality are placed on record in the hope 
that the attention of those who have opportunities to collect 
data may be r-timulated and more precise information obtained 
for use in completing the final geological map of the state. 
The most satisfactory evidence of the presence of Creta-
ceous sandstones in Page county is found in the vicinity of 
Shenandoah. The bed of sandstone alreadv noted beneath 180 
feet of drift, in section 14 of Grant township, may be referred to 
the Cretaceous without much question. A similar sandstone 
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is found in wells, beneath the drift, at a number of points in 
sections 15, 16, and 17; and the same sandstone is known to occur 
as far south as the Se. t 0f section 16 in Morton township. At 
the point last named the drift is seventy-six feet in thickness. 
In sections 15, 16, and 17, of Grant township, the sandstone lies 
under from twenty to forty -five feet of drift. The upper surface 
of the sandstone is very irregular, as if it had suffered a great 
deal of erosion beJore being covered with tbe superficial till. 
So far as learned the sandstone was passed through at one 
point only-the wells in other cases getting water before 
reaching the bottom of the formation-and the thickness re-
ported is fifteen feet. The difference in level between the 
upper surface at the point where the stone was penetrated 
and the upper surface at some lower points in the neighbor-
hood: is more than fifteen feet-a fact which would indicate 
an unconformity between the sandstone and the underlying 
shale. The deposit in question varies greatly in hardness, 
some beds being almost quartzitic while others are loose and 
practically unconsolidated. 
The P.leistocene System. 
KANSAN DRlFT. 
The surface of Page county is very generally covered to a 
great depth with glaci~l deposits. The drift is unusually 
heavy, attaining a thickness in places of 200 feet. The topo-
graphyof the county, as previously noted, is due almost wholly 
t o erosion of the superficial materials. The amount of rock 
cutting is comparatively small. Valleys walled with drift 
have a depth of 200 feet, and wells on the divides not infre-
quently reach depths below the level of the water in the 
streams before encountering the indurated rocks. The drift 
of Page county in this report is referred provisionally to the 
Kansan, though it possesses many characteristics which sug-
gest the age of the older. pre-Kansan till. 
KANSAN bRiFT. 
The materials forming the drift are here very variable. 
They lack the constancy exhibited by the blue Kansan clay of 
south-central and southeastern Iowa. The best artificial 
section of the glacial deposits in the county is founo in the great 
rail way cut in the south half of section 3:~, Tp. 69 N., R. XXXVI 
W. (Fig. 35.) The fresh unaltered clay first breaks down, on 
exposure to the weather, into a crumbling, powdery product 
altogether unlike the tough, persistent blocks which weather 
off the fresh blue Kansan when it is exposed in the eastern 
FIG. 35. The deep railway cut near Clarinda . 
part of Iowa. Leaching and oxidation have descended to a depth 
of twelve or fifteen feet from the surface. In the fresh till in 
the lower part of the cut, limestone pe?bles are numerous, 
but in the weathered zone the calcareous fragments have been 
completely dissolved out; the granites are wholly decayed, 
and nothing but hard, fine-grained greenstones remain. The 
limestone pebbles below the zone of weathering are very fre-
quently enlarged by deposition of the calcareous matter held 
in solution by descending ground waters; and calcareous con-
cretions representing the dissolved pebbles and limestone flour 
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carried down from the leached zone, are sprinkled over the 
surface of the slope in the lower part of the cut. Greenstoen 
cobbles and pebbles are common throughout the whole thick-
ness of the exposure, and a very large proportion of these are 
planed and scored on one or more sides. 
The indications of age in the dr'ift of Page county are found 
in a number of its characteristics. In the first place the 
extent to which the surface is eroded bears evidence of a long 
lapse of time. The stream valleys are all de!3P and wide; 
the great width, rather than the depth, affording some meas-
ure of the length of time thc work of valley making has been 
in progress. rrhe whole surface of the country over the 
divides, from one stream valley to 'another, has been carved 
into a system of completely rounded ridges, separated by 
wide and deep-cut ravines, as shown in Figures 28, 29, 30, and 31. 
In the second place the processes of weathering and oxida-
tion have affected the surface so as completely to change the 
character of the original materials, to a depth, in places, of 
at least fifteen feet. The iron constituent of the till is com-
pletely oxidized. The calcareous material is all leached out 
and carried away, part of it being removed fr'om the region 
and carried by drainage waters to the sea, part having been 
carried down ward by descending ground waters, to be rede-
posited in the form of concretions. Not only have all the 
limestone fragments of all sizes up to ten or twelve inches in 
diameter, been dissolved, but most of the granites are com-
pletely disintegrated into non· coherent granules, now scarcely 
distinguishable from the original fine constituents of the till. 
In the third place, there is in Page county one evidence of 
age which is not presented by the Kansan drift in the eastern 
part of the state. Thoughout a large portion of the county 
the loess overlying the drift is thin, and the gulches carved 
by erosion along the roadsides cut down through it and expose 
the pebbly till. Between the loess and the till there is a sheet 
of gravel (Fig. 36) conforming to the contact between the 
two deposits. The loess is young as compared with the drift. 
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Before it was laid down the surface had been eroded to prac-
tically the same extent as now; all the present topographic 
features had been developed; the surface in all its contours 
and inequalities was covered with the sheet of gravel referred 
to; and it was on this surface that the loess was deposited. 
The gravel is made up of pebbles, which were at first distrib-
uted through that part of the drift which has been removed 
by erosion. The finer portion of the till was easily trans-
F IG. 36. T hin sheet of residua l gravel between loess and Kansan ti ll , nort h of the cente r of sect ion 
17. Lincoln townshi p. 
ported by the sheet-water which drained the general surface, 
while the pebbles from quite a thickness of the drift- too 
heavy to be carried along- were concentrated by the trans-
portation of the fine clay in which they were embedded, and 
left as a sheet of residual material, from which finer constit-
uents had been sorted and removed. The residual gravel 
indicates two things: First, the erosion of a considerable 
thickness of drift from the surface, and, second, the consum-
mation of the process by currents of sheet-water too weak, 
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even on slopes quite steep, to transport rounded pebbles an 
inch or more in diameter. The process, so carried on, was 
one requiring time. It is worthy of note that, although the 
till was originally rich in limestone pebbles, no pebbles of 
this COIL position are found in the residual gravels, nor are 
there pebbles of any kind except those of the hardest and 
most resistent of the crystalline rocks. Quartzites are very 
common. 
The Loess. -The surface of the county is very generally 
covered with loess. As a rule this material is not very 
thick, yet there are places where it reaches a depth of twenty 
feet or more. The average thickness does not exceed two or 
three feet. The loess is much younger than the till upon 
which it lies. All the changes in the character of the drift 
surface, which have been referred to as indicating a long 
period of erosion and weathering, had taken place before the 
loess was deposited. Along the north line of the Se. t of section 
33, east of the river, in Nodaway township, a road cut through 
the summit of the ridge shows the loess at that point to be 
about twenty feet thick, and yet underneath this thick mantle 
the weathering of the surface of the drift is as complete as in 
places where the loess is thinner. It is conceivable that 
where the loess is thin the weather may continue to affect the 
underlying till, but the thicker deposits of loess would protect 
the surface beneath it from any change. The changes now 
apparent were accomplished before the deposition of the loess. 
In the deep railway cut in this same section, the thickness of 
the loess above the weathered, ferretto zone, is thirteen feet, 
and this weathered zone is at least twelve feet in thickness. 
In some instances there are indieations of two distinct beds 
of loess. For example, on the top of the hill east of the Cra-
bill brickyard, the freshly cut surface showed: 
FEET. INCHES. 
4. Light colored loess, not ver.v ferruginons. . . .... 6 
3. Yellowish sand, the upper 10 inches clay col· 
ored, the lower part showing cross bedding. 
The lamin oo in the cross bedded portion are 
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FEET. INCHES. 
inclined toward the east, away from the river 
valley............. .. .... ...... ...... ....... 2 6 
2. Dark colored, ferruginous. weather stained loess, 
quite different in appearance from No.4 . . . . 5 
1. Very much weathered drift, ferruginous, leached, 
the c6bbles and pebbles much decayed, the 
whole stained with organic matter; exposed. 7 
A part of the foregoing section is illustrated in figure 37. 
The two beds of loess are very distinct in color, No. 2 show-
FIG. 37. View showing sand, partly cross-bedded, separating an old, weather-stained loess from 
an overlying, fresher body of the same material. View taken on hill east of Clarinda_ 
ing signs of much greater age than No.4. The obliquely 
bedded· sand, No.3, may probably be of eolian origin. The 
altitude is 160 feet above the present flood plain of the river, 
and it is scarcely conceivable that this material could have 
been deposited by currents of water flowing toward the east. 
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The prevailing dry winds, however, are from west to east, 
and the cross bedded sand may represent readjustments 
which took place during a period when winds blew with more 
than usual force. 
Flooded Valley Deposits.-In nearly all the .valleys of Page 
county there is a formation which in some of its phases 
resembles loess; but in other of its aspects it is clearly an 
aqueous deposit. It has evidently been laid down since the 
valleys reached approximately their present depth. North 
branch near Clarinda has its channel cut in this material. It 
is yellowish in color, tough, jointed and obscurely stratified. 
Unlike loess it contains occasional pebbles and pockets of 
sand. A sma~l greenstone, two inches long and showing gla-
cial planing on two sides, was taken from this silt in the bank 
of North branch. No. 14 of the Hawleyville section illus-
trates the character of the deposit. Above the section 
described at Braddyville, west of the railway track, there is 
a body of this clay, twenty feet thick and forming a distinct 
terrace fifty yards or more in width at the top. The hard, 
enamelled scales of the gar pike, Lepidosteus, were found in 
this bed at Braddyville, the scales retaining their proper 
relations to each other as if the fish had. been buried at the 
time the silt was forming. Between the point where the 
scales were found and the railway station, some recent cut-
ting shows beds of stratified sand below the level of the clay. 
The same yellow silt is found beneath sandy alluvium in the 
valley of Buchanan creek, east of Braddyville. It is well 
shown in the bank of the Nishnabotna river west of Essex, 
where it is overlain by six feet of a fine, loess· like silt and 
two or three feet of black loam. At the Rankin Brothers' 
brickyard at Shenandoah, the section of the clay pit shows: 
FE~' 
3. L()ess· like clay.... . . ...... .. ...... .. ........... .. .. 8 
2. Bluish stratified day, clearly an aqueous deposit, but 
flexed more or less as if laid down on an uueven 
snrface .... . . . . '" . . . . . . . . . . . . . .. . . .. . .. .. . . . ... . . . 1 
1. Porous, dark, graoular clay.. . ... . . . . . ..... . .. . .. . .. 7 
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Numbers 1 and 2 are separated by a ferruginous band which 
looks as if it bad been weathered and oxidized by long expo-
sure to the air. The porosity of No.1 is due in part to flexu-
ous tubes, one-eighth of an inch in diameter, which pass 
vertically through it. The tubes are evidently places from 
which slender plant roots have decayed, for in the upper mem-
ber, No.3, there are similar tubes with the rootlets still in 
place. Some of the tubes in No. 1 are blackened with car-
bonaceous material due to the decay of the root tissues. No 
rootlets pass through No.2. The tubes iJi the lower member 
of the section were made by plants wbich grew upon its sur-
face before the overlying members WBre laid down. Nos. 1 
and 3 resemble loess, but No.2 records a distinct episode 
between the more recent and a more ancient period of loess 
formation during wbich the valley was temporarily flooded. 
The distribution of this deposit is practically universal in 
all the valleys below a certain level. There has been some 
valley cutting since it was laid down, but little as compared 
with what took place beforehand. In the discussion of the 
topography of Page county there is a somewhat guarded sug-
gestion that the drift upon which the topographic forms are 
developed by erosion, may be what geologists bave been call-
ing the pre-Kansan. Should later study prove this suggestion 
to be true, the flooded valley deposits would finel easyexplana-
tion in the hypothesis tbat tbe water· shed, as really seems to 
be tbe case, coincides with the margin of what has been called 
Kansan drift. Tbe great tbickening of the drift along the 
water-shed and the marked difference in the character of the 
till and the maturity of the topography on opposite sides of 
the divide, certainly favor the probability of such an hypothesis 
being true. The principal streams of southwestern Iowa have 
their sources in the water· shed. The melting Kansan ice, 
under the conditions assumed, would furnish great volumes 
of turbid water which could find outlet only along the courses 
of these streams; and large quantities of silt would be distrib-
uted along the valleys. Granting this to be the explanation 
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of the flood-water deposits so conspicuous in this territory, 
the principal part of valley making, on this assumption, would 
be referred to the Aftonian interglacial interval. An alter-
native suggestion may be made to the effect that the flood 
deposits belong to the age of the Iowan drift. The phenomena 
around the Iowan margin indicate that during the melting of 
the ice sheet belonging to this age the land was low, and the 
waters flowing away from the margin were too sluggish to 
transport objects larger than grains of rather fine sand. It 
is possible that the depression of the surface proceeded so far 
that slack water was backed up into the valleys of South-
western Iowa, and that the formation discussed was thus 
deposited. The land was high during the melting of the Kan-
san ice as indicated by the overwash sheets and valley trains 
called Buchanan Gravels throughout northeastern Iowa. These 
point to energetic torrents flowing on relatively steep slopes 
and capable of carrying very coarse material. The deposits 
in question, however, are fine silt indicative of slack-water 
conditions. While the Iowan ice sheet did not come within 
many miles of Page county, it may have invaded the upper 
part of the Missouri valley and so have contributed volumes 
of water loaded with a large amount of fine yellow mud, which, 
following the Missouri and backing into the tributary valleys, 
produced the effects observed. On this supposition there would 
be ample time for the cutting of the valleys to their present 
depth between the retreat of the ice which distributed the 
Page county drift and the culmination of the Iowan invasion. 
Whatever may be the explanation, these valleys have been 
cut in the drift of the county, and they have been occupied 
by floods of turbid water since the major part of the valley 
making was accomplished. 
A.lluvi1tm.-The broad bottoms of the stream valleys are 
everywhere covered with a rich alluvial deposit, which has 
accumulated slowly, partly by wash from the long slopes on 
either side, and partly by deposition from the very muddy 
streams when they overflow their flood plains. The streams 
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of this region during all the medium and high stages of water 
carry an unusual amount of fine silt in suspension. Some of 
the alluvium, at least, is younger than the flood deposits 
described in the preceding section. 
Deformations and Unconformities. 
The rocks of Page county show a number of small folds and 
eccentricities of dip, but none are of very great amplitude. 
The most important is the Braddyville anticline. The rocks 
exposed in the sections of Braddyville and Hawleyville seem to 
constitute the crest of a fold, the axis of which trends north-
northeast and south-southwest. The axis passes east of the 
old Shambaugh mill and all the coal mines in that vicinity, and 
in its northward extension it passes east of Henshaw in Tay-
lor county. West of the axis the coal dips strongly toward 
the west. Between the Shambaugh mill and the Ingraham 
coal mine there is a dip of sixty-five feet in about two miles, 
while at Henshaw there is a dip of thirty-five feet in a quarter 
of a mile. East of the Burnside shaft at Henshaw the Brad-
dyville limestones rise to the surface in the wash of a small 
creek, and at a level not very much below the mouth of the 
pit. rrhe strong inclination noted in the localities mentioned 
is not continued as far west as the limestone quarries on the 
Tarkio, for there the beds assume a more nearly level posi-
tion. The limestone exposed in section 36 of Pierce town-
ship, near Essex, dips rapidly westward, and indicates another 
fold which is probably parallel to the Braddyville anticline. 
The principal unconformities to be noted are, forst, that 
between the Carboniferous and the Cretaceous strata, and, 
second, the unconformity between the Pleistocene deposits 
and the underlying indurated rocks. 
Soils. 
There is little to be said concerning the soils of Page 
county. There is' practically but one class, and that is the 
_ best . • The surface is almost everywhere covered with loess. 
34 
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The depth of the loess is not great, except in a few locali-
ties, but whether deep or not it is loose, easily cultivated, 
and so porous as to give the freest access to air and moist-
ure. Even the underlying till, which was at first tough and 
intractable, has been thoroughly subdued and pulverized at 
the surface by long exposure to weather and the modifying 
effects of organic agencies. The annual growth and decay 
of the rank prairie vegetation for many centuries, the bur-
rowing of animals that live beneath the surface, the influ-
ence of frost and rains, together with the chemically active 
constituents of the atmosphere, have all contributed to the 
making of a mellow soil, rich in all plant foods, and thor--
oughly pormeable to great depths, to gases and moisture. 
The soils are not only deep and mellow and exceptionally 
fertile, but they are free, as a rule, from ~he bowlders which, 
in many parts of the United States, encumber the surface of 
the drift. There are here ideal conditions for succesful, sci-
entific agriculture. Black, sandy alluvial loams have been 
developed in the broad valleys and other lowlands, and cover 
a large proportionate area of the surface. In the high 
quality and uniform excellence of her soils, Page county is 
not excelled by any similar area in Iowa, and Iowa furnishes 
a standard which is surpassed in very few instances the world 
over. Immense crops, especially of corn, annually bear tes-
timony to the wealth-producing power of the soils; and this 
wealth expresses itself again everywhere in homes of com-
fort, culture and intelligence; in active, busy, growing towns, 
and in all the other external signs of thrift and prosperity. 
ECONOMIC PRODUCTS. 
. Coal. 
Next to the soils, which enormously outrank all the other 
geological formations of the county in economic value, may 
be reckoned the coal. The most important seam is that 
known as the Nodaway coal. It is this that is mined at! Hen-
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shaw and New Market in Taylor county. The seam under-
lies Page county to an extent not fully determined. It crops 
out in the river bank at the old Shambaugh mill, and it is 
worked by shafts at the Ingraham and other mines near 
Clarinda, and at all the mines in the neighborhood of Sham-
baugh. At a distance greater than three or four miles west 
of the Nodaway river, it in general lies too deep to be worked 
with profit. The vein is very persistent. It is known in 
Adams, Montgomery, Taylor and Page counties in Iowa, and 
it is quite extensively worked at a great many points down 
the Nodaway valley in Missouri. The thickness of the vein 
is unusually constant, the range being- from fourteen to 
eighteen inches; and the quality varies but little over large 
areas. The coal is usually worked by the" long-wall method." 
'J.lhe Ingraham mine in the Ne. t of section 11, Tp. 68 N., R. 
XXXVII W., is one of the new mines of the county, and one 
of the most important. The coal is found at a depth of 
about 100 feet from the surface. The shaft passed throug-h 
the following succession of strata: 
FEET. 
7. Soil and drift; drift very much weathered neal' the 
toP. and along joints to a greater depth... ... ...... 22 
6. Yellow shale..... .. ..... ... . .. .. .. . . . .... .... .... . . 20 
5. Blue laminated shale .... ... ................. . . . "... 50 
4. Non·laminated shale..... .. .. .. ...................... 3 
3. Cap-rock.... ..... ..... .. ........ . . .. . ........ .... ... It 
2. Shale . ... . _. . ....................................... 2 
1. Coal.......... .... .. . .... ..... .. .... .. ......... . .. .. lt 
Quite a number of mines have been opened and worked at 
various times near Shambaugh. Lately most of the mining 
in this region has been done by J. W. Turner, Henry Fulk 
and G. W. Howard. Somewhat recently a shaft, more than 
100 feet in depth, was made on the M·tley farm, and gooJ coal 
was found; but at the time the mine was visited very little 
had been taken out. 
That the Nodaway ('oal was laid down on an extensive area 
of sea bottom is shown by the large territory over which it is 
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distributed, the practically unvarying thickness and other 
characteristics of the seam, and the manner in which the coal 
is interstratified with marine sediments. There is no soil 
bed below the coal, and it is overlain, without transitional 
deposits, by shales rich in marine fossils. It bears a con-
stant relation to a bed of limestone of nearly uniform thick-
ness, the cap-rock, which likewise carries a number of typical 
marine species. That the coal was made of terrestrial plants 
is also clear; for an examination of the coal itself shows 
recognizable impressions of fern fronds, together with the 
stems of other pteridophytes. The microscopic structure is 
in accord with the evidence derived from more casual exami-
nation; the characteristic vascular tissues of ferns and their 
Carboniferous allies are readily detected. 
Not much is known of the Linquist coal. It has not been 
prospected except at the one locality where an attempt was 
made to mine it with rather unsatisfactory results. The Lin-
quist mine, as already noted, is located in the Nw. i of section 
24, Fremont township. Only a few thousand bushels alto-
gether have as yet been taken out. The relations of this coal 
to the other members of the general Missourian section have 
already been discussed. The coal is doubtless present under 
quite a large area in the county. Since it lies near the sur-
face it can be mined inexpensively; and when found under 
better roof, it will prove an important addition to the geolog-
ical resources of the region. 
The amount of coal mined in Page county varies from year 
to year. The output for any given year will not be recorded 
here; the reader being referred to the annual report of the 
Survey on Mineral Statistics. The limited thickness of the 
Nodaway coal precludes the possibility of working it on an 
extensive shipping or commercial scale. It, however, satis-
factorily supplies local needs, and is an important factor in 
the development of the country. Its persistence or conti-
nuity over a large area makes prospecting a simple and easy 
matter, and wherever it occurs within 150 feet of the surface 
BUILDING STONE, BRICK AND TILE. 453 
there is no doubt of the possibility of working it at a profit .. 
It should be found within working distance of the surface on 
the East Tarkio, and it will yet be worked in many neighbor-
hoods where it is not yet prospected. 
Building Stone. 
The stone quarries of Page county are of local importance. 
Some building stone is taken fl'om the limestones of the Haw-
leyville and Braddyville horizon, but the greater part of the 
quarrying is done in the valley of the Tarkio. Local quarries 
are here quite numerous, and the more important of these 
have been already noted. The" blue ledge" of the Tarkio 
limestone is the most serviceable and the one most generally 
sought for. The stone has excellent lasting qualities, and is 
suitable for quite a variety of purposes. In meeting local 
needs this stone has a value difficult to estimate. 
Brick and Tile. 
The clay industries of the county are capable of much 
greater development than they have yet attained. The Car-
boniferous shales afford raw material for the manufacture of 
a large variety of clay products, from pottery to sewer tile 
and paving brick, but so far, in this county, no attempt has 
been made to utilize this inexhaustible source of supply. Just 
north of the county line, at Villis@a, the McNaughton brick-
yard, well equipped and operated on a large scale, makes use 
of Carboniferous shales; but even here only a few of the pos-
sibilities of the material are realized. In Page county there 
are a number of brickyards, but all use Pleistocene clay. 
One of the largest brick making plants in this county is 
operated by Mr. J. M. Crabill, on the east side of the river at 
Clarinda. River silt, or alluvium, is used. The plant is 
equipped with steam power, a Monarch machine made at Bur-
lington, Ohio, large drying sheds, and all other necessary 
tools and machinery. The capacity of the machine is about 
40,000 brick daily . . The brick are dried on pallets, and arc 
, 
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burned in large clamp kilns. There are three kilns~ each with 
a capacity of 500,000. The annual output ranges from 2,000,-
000 to 2,500,000. The local market is supplied and shipments 
are made abroad within a radius of 100 miles. 
There are brickyards at Essex and Coin, which also use 
alluvial clays. At both places the brick are moulded by hand, 
dried on the yard, and burned in small clamp kilns. The yard 
near Essex is located west of the Nishnabotna river, in a 
locality where tbe yellow, flood-water deposits df>scribed in a 
foregoing section of this report, occur in great abundance. 
'.rhese deposits might be used in tile making, and there are 
other purposes to which they are adapted. 
The Rankin Brothers operate a large brick and tile plant 
at Shenandoah. The clay used is a loess-like silt divided by a 
band of blue clay of undoubted aqueous origion. Steam power 
is used. There is a stiff-mud, auger, end-cut machine of the 
latest pattern; and there are well constructed drying sheds 
and all the other equipments for the manufacture of brick and 
tile. Six clamp kilns are used. The output of brick will 
average about 2,000,000 annually. 
South of the state line at Blanchard there is a brick yard 
using a heavy bed of clay which is well '>tratified throughout 
a thickness of fifteen to eighteen feet, and capped by three or 
four feet of loess. The main body of this clay belongs to the 
age of flooded river valleys. 
Water Supplies. 
The streams of the county afford a large proportion of the 
people permanent supplies of water suitable for certain pur-
poses. Wells, however, in some form or other, are the principal 
source from which water for domestic uses is obtained; and 
wells, after all, constitute the main reliance fol' all purposes for 
which water is needed, throughout the greater part of the 
county. Water is found in sand and gravel beds at various 
depths in the drift. Owing to th6 great depth of the Pleisto-
cene deposits, it is seldom necessary to bore into the indurated 
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rocks, water in abundance usually appearing before they are 
reached. In the neighborhood of Shenand.oah~ in sections 16 and 
17 of Grant township, the drift is thinner than usual, ranging 
from fifty or sixty down to twen ty feet, and a few wells are 
known to have entered the Cretaceous sandstone. Water seems 
to be abundant in this formation. In only one case was the 
entire thickness penetrated. Dr. Smith reports a case which 
illustrates in a typical way the water-bearing quality of the 
Cretaceous formation. Mr. A. Culp, who owns the Se. t of 
section 16, Morton township, had a well dug on his place. At 
seventy-six feet he found sandstone and went into it five feet 
when water forced him to cease. 
A well is reported to have reached "slate" at a depth of 
twenty-eight feet, in section 25, Nodaway township; anotherin 
section 24 of same township reached the shale at a depth of 
108 feet; and in section 28 of Harlan township wells, it is 
said, reach rock at seventy-five or 100 feet. Along the 
ridges on both sides of the East Tarkio valley the limestone 
is encountered at depths rang'ing up to sixty or seventy-five 
feet. In general, however, water is obtained in beds of sand 
or gravel in the drift, before the underlying rocks are reached, 
and some of these drift-wells are fully 200 feet in depth. 
Beginning on the highlands of the divides, they descend 
below the level of the water in the adjacent streams. 
Clarinda is supplied from a number of drive wells located 
in the lower part of the city, in the Nodaway valley. The 
wells end in gravel or coarse sand, at depths ranging from 
forty-five to fifty-nine feet. The supply is not all that those 
most interested desire. The amount pumped reaches about 
70,000 gallons a day. At the hospital, near Clarinda, one 
five-inch and two six-inch Cook wells were used in 1899. The 
depth is seventy-one feet, and water is found in a bed of 
coarse gravel, eight feet in thickness, overlying blue shale. 
The amount pumped reaches about 110,000 gallons daily. 
The beds down to the shale beneath the water-bearing gravel 
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are river deposits, which record a certain amount of aggrada-
tion or filling of the yalley since erosion reached its maximum 
depth. 
The town of Shenandoah draws its water supply from a 
number of drive wells supplied with Cook points, located in 
the river valley northwest of the main part of the city. The 
conditions here are quite similar to those at Clarinda. The 
wells stop in sand and gravel, at a depth of about forty-five 
feet from the surface. The volume pumped exceeds 80,000 
gallons a day. The Nishnabotna valley has been aggraded in 
the same manner as that of the Nodaway. 
A number of small springs are found along the small creek 
west and southwest of the town of College Springs. On land 
belonging to Mr. J. Dunbar, in the Nw. i of the Nw. i, of 
section 5, Amity township, there is a mineral spring which 
has attained some reputation for its medicinal properties. 
Formerly patients resorted to this spring in considerable 
numbers to drink the water, and use it in the form of baths. 
The results were usually highly beneficial. More recently, 
for lack of time and capital to provide and maintain the 
requisite accommodations, no effort has been made to attract 
patients. The water, according to the report of Mr. Juan H. 
Wright, Analytical Chemist, Saint Louis, Missouri, contains 
per gallon: 
Carbonate lime .... . .. . . , ....................... 8.415 grains 
Carbonate magnesia .... . ......... . ............ 3.813 grains 
Carbonate iron. . . . . ... . . . . . . . . . . . . . . . . . . . .... . 3.566 grains 
Sulphate iron ............... . ..... . ...... . ..... 1.141 grains 
Sulphate magnesia . . .................. ... ... . ... 3.761 grains . 
Chloride sodium ..... ' " ..... , ........... . ..... 2.840 grains 
Silica . . .. .......... . ....... . ................... .576 grains 
Organic matter .... . .................. . .... . .. 1.265 grains 
Carbonic acid ...... . .......................... .42.300 cu. in. 
Bromide magnesium. . . . . . . ... .. ............... trace 
Phosphoric acid. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . trace 
Water POWe1'.--Owing to the fact that the streams of Page 
county have been working at their valleys long enough to cut 
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their channels to grade, there are no water falls to furnish 
natural water power. Power has been obtained artificially 
at a few points on the Nodaway and East Nodaway, by put-
ting in dams. There is a well equipped mill using 80 horse 
power, at Braddyville; a new mill has recently been erected 
at Shambaugh; and there is a mill with nine foot head of 
water, doing an excellent business at Hawleyville. Formerly 
there was a good water power at the site of the old Sham-
baugh mill near Clarinda; but the mill burned and the prop-
erty has been allowed to fall into decay. There is also a 
small mill on the Tarkio river near Coin. 
Summary. 
Page is preeminently an agricultural county, and the cul-
tivation of her splendid soils must always remain the principal 
industry of her people. The topography is of the mature 
erosional type. The surface is rolling, presenting on all the 
high lands a succession of swells and sweeping convex curves, 
with surfaces insuring perfect drainage, but not so steep as 
to cause serious wash or waste of the soil, or to interfere 
with easy cultivation. The stream valleys are old, wide, and 
deep. Practically all the topographic features have been 
developed in the deep mantle of drift which overspreads the 
surface. This dift is very old as compared with the glacial 
deposits covering northeastern and north-central Iowa. 
With the exception of a few small and undefined patches of 
Cretaceous sandstone, the rocks beneath the drift belong to 
the Carboniferous system and to the Upper Coal Measures, 
or Missourian stage. These strata consist of limestones and 
shales, the shales predominating as to thickness, but the lime-
stones appearing in the greater number of natural exposures 
owing to their greater powers of resistance. The shales and 
limestones found in Page county occupy a position from 500 
to 600 feet above the Bethany or Winterset limestones that 
lie at the base of the Upper Coal Measures. There are two 
limestone horizons in the county, one represented by the 
35 
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exposures at Hawleyville and Braddyville, alld the other by 
the ledges outcropping in the valley of the East Tarkio. 
These limestones are separated by more than 100 feet of 
shale. Near the top of the lower limestone there is an 
important coal seam, the Nodaway coal, which has been 
mined quite extensively along the valley of the Nodaway and 
its branches in Iowa and Missouri. The coal is from fourteen 
to eighteen inches in thickness, and has the great advantage 
of maintaining uniform characteristics as to thickness and 
quality over large areas; and over a large portion of the 
region in which it is known, it lies near enough the surface 
to make mining comparatively inexpensive. The persistence 
of this seam insures an aggregate volume of coal within a 
given territory quite equal to that occurring in other locali-
ties where coal mining is carried on on a more extensive 
scale. The Nodaway coal in Page county is capable of much 
greater development than it has yet attained. Some of the 
new mines, the Ingraham mine near Clarinda for example, 
show some of the possibilities in this direction. The Linquist 
coal, which lies near the top of the Missourian section in this 
county, has not yet been prospected enough to enable any to 
forecast its possibilities. . 
The building stone industry is not likely to attain much 
greater prominence than it has already. The ledges quarried 
in the Geers and Erickson quarries will always be of great 
local importance. The quality of the ·stone as material for 
bridge peers and heavy foundations, especially in the case of 
the "blue ledge," is all that could be desired. The fact, 
however, that in general there is but a single ledge available 
will prevent the installation at any point of labor-saving 
appliances, and hence the work of quarrying will remain com-
paratively expensive. 
The clays of Page county are inexhaustible as to quantity 
and excellent as to quality. Shales similar to those above 
the Nodaway coal are manufactured on a large scale into 
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paving and structural brick, at Nebraska Oity, and they are 
used extensively in brick making at Villisca. At present only 
Pleistocene clays are worked at the various brick and tile 
plants in this county. The Pleistocene deposits include (1) 
glacial clays or drift, (2) yellow, silt-like clays, which were 
laid down in flooded valleys~ (3) loess, which seems to present 
an older and a later phase separated one from the other by 
aqueous or eolian deposits of a different type, and (4) alluvial 
sands and silts of recent origin, found in the valleys, especi-
ally upon the flood plains of streams, overlying all deposits 
which are referable to the coming and going of the great ice 
sheets of the glacial period. 
The question of rock oil and natural gas is one of universal 
and ever present interest. The strata underlying Page 
county are probably as rich as the average rocks anywhere 
in bituminous material from which oil or gas might be derived 
by natural distillation. There are some anticlinal folds, as 
the Braddyville anticline, which might afford conditions for 
the accumulation of these products; and if boring is to be 
successful, it must be done along or near the crests of these 
folds. The prospect hole near Olarinda, to which reference 
was made in the early part of this report, could scarcely have 
been more favorably located, and yet this boring was carried 
down 1002 feet without finding either gas or oil. No assur-
ance can be gi ven that these products occur in commercial 
quantities beneath the surface of this region, but if either is 
found , it will be at a depth greater than 1000 feet. It must 
be remembered however, that the folds here are small, and 
small folds could not affect the strata to any considerable 
distance from the surface. The test hole referred to has 
explored the rocks away beyond the depth at which the small 
superficial folds could possibly produce any effect. 
Apart from the natural resources, which a study of the 
Geology of Page county reveals, the phenomena of the region 
are of the highest scientific interest. In these counties of 
__________________________________ -T ____________ -=== ~--
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southwestern Iowa there is material which, when properly 
collated and interpreted, will aid in the solution of some of 
the intricate problems of geological history, and many of 
these problems will have very direct economic bearings. 
NOTE ON THE CORRELATION. 
NOTE ON THE CORRELATION OF THE CLARINDA WELL SECTION 
WITH THE SCHEMATIC SECTION OF THE CARBONIFEROUS. 
BY CHARLES R. KEYES. 
The Clarinda well section, as given by Professor Calvin on 
page 419 is of special interest at this time for the reason that 
it furnishes very important exact data regarding the form.a-
tions represented in the south western part of Iowa. These 
formations are nowhere very well exposed at the surface, 
partly on account of the peculiarities of the surface relief, 
and partly because the stratified rocks are covered by unusual 
thicknesses of glacial deposits. The general section of the 
Coal Measures has been accurately determined farther to the 
south, and along the Missouri river and many of its tributa-
ries in Missouri and Kansas, because of the many fine out-
cropping-so In the tracing of the boundaries of the several 
terranes from Missouri into J owa certain un looked features in 
the stratigraphy and the geological structure are met with 
that are not forced upon the attention of the observer when 
approach is made wholly from the Iowa side. 
In consequence, several modifications of interpretation are 
suggested in the consideration of the general correlation of 
the beds passed through in sinking the Clarinda well. The 
changes in themselves are of small import and do not mate-
rially affect the conclusions reached by Professor Calvin. How-
ever, as tending towards accurate results which must be ob-
tained with reference to the region still farther north, the pro-
posed modifications in the correlation of the beds of the 
Clarinda well are thought to be worthy of note. 
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The parallelism of the formations and beds of the two sec-
tions are best shown in tabular form: 
Thickness in Feet. 
T~~Rl{AN I£S OF THE MISSOURIAN SB I{l\<;S. 
General I Clarinda 
Section . Well. 
11. Cottonwood limestone .... . ...... . ... ... ..... . ..... . 10 
10, Atchison shales . .. .... . ..... . . ............ .. .... .. . . 500 
9. Forbes limestones ...... ...... ... ..... . .... .. .. .. .. . 30 
100 
8. Platte shales . ... " ..... ..... . ... .. .... . . . ........ . 150 5 
20 
7. Plat smouth limestones ..... . ... . . .. ............ . . . . 30 20 
6. Lawrence shales ..... ... ............ . ............ . 300 105 
5. ~tanton limestones . . ....... . ..... ..... ....... ... .. . . 35 20 
4. Parkville ~hales. . . . .. .. . ... .. .... .. . . . . ... ....... . 100 
3. lola limestones ...... .. .... . ........... . ............ . 50 180 
2. Thayer shales ..................................... . 75 
1. Bethany limestones. . . . . . . . . . . . . . . .. . .. .. .. .. ...... . 100 20 
The most noteworthy feature brought out is the fact of the 
absence of the lola limestones. This terrane thins out and 
disappears before reaching the southern limits of Iowa. The 
Thayer and Parkville shales are thus brought together in Iowa, 
giving to the shale formation immediately overlying the Beth-
any terrane, an unusual thickness. 
In the Platte shales is a limestone :five feet in thickness. 
Thin bands of limestone occur in all the shale formations and 
the presence of one of them in the Platte is not anomalous. 
Instead of being regarded as representing one of the great. 
limestones it is best considered as an unimportant layer that 
is liable to be found at almost any horizon in the shales. By 
. ignoring' the presence of this thin limestone in the upper part 
of the Clarinda well, the more normal thickness of the Platte 
shales is displayed. 
This readjustment gives for the thickness of all the beds 
pasc;ed through in the well the values that should be expected 
from a consideration of the work done in Missouri. 
The Clarinda well was manifestly begun at a horizon a few 
feet beneath the top of the Platte shales. The Forbes for-
• 
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mation, which is represented in the region by the limestones-
exposed at Hawleyville and Braddyville, were of course not 
encountered. The Nodaway coal, which is an easily recog-
nizable horizon throughout a large area in southwestern Iowar 
should be expected to be found about 100 feet above the top of 
the well section. 
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INTRODUCTION. 
LOCATION. 
The two counties which form the theme of our present dis-
cussion lie in the extreme northwest portion of Iowa. They 
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are a part of the great northwest prairie, a region 9nly recently 
come to the state of complete settlement and cultivation. 
Osceola and Dickinson bound these counties on the north, and 
so separate them from the Minnesota line; on the we<st Sioux 
county divides them from the western boundary of the state; 
on the south are Buena Vista and Cherokee counties; on the 
east lies Palo Alto. 
For purposes of study and detailed description, all these 
counties must be viewed together. No partial treatment such 
as here attempted can give any very satisfactory idea of the 
situation, from the standpoint of physical geography, or even 
topography. The local student must in justice alike to him-
self and his theme, consult reports of all the counties named, 
and indeed of the whole state. The natural history of this 
region, past and present, though seemingly simple, monoto-
nous, and so uniform that the story of a single township might 
be taken as the type of any or of all, nevertheless in a thou-
sand minor ways shows peculiar differences of an interesting 
and instructive kind. The student of topography finds his 
problem ever changing, often within limits singularly narrow, 
within a mile or two, and the forces which have affected the 
condition he would describe have acted nowhere in precisely 
th~ same way; rather have they inter-acted in such a manner 
as to produce results the most varied and surprising. Even 
in these prairie regions, no traveler, however expert, can pre-
dict what is to be found in the next township, much less the 
next county. We have, generally speaking, in these two 
counties all the diversity of which a prairie is capable, espe-
cially in a region destitute of indurated formations, where the 
only plastic material is the bondless, unstable drift. We 
have hill-bordered lakes, rush-grown marshes and fens, slow-
creeping, tortuous creeks; we have miles of upland perfectly 
level, at length cut by erosion channels so deep and with 
walls so precipitous as fitly to receive the name of canons; 
from the sides of these canons issue springs giving rise to 
clear perennial streams; we have hill-country, high, irregular, 
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tossed about with no reference at all to present drainage; we 
have fine rolling prairie where the drainage is perfect, the 
slopes long and gentle and every thing contributes to for-
tunate husbandry. 
The native flora likewise is intereating, both in character 
and distribution, and its study will be of economic importance 
in our, effort to solve the problems of the treeless prairie, the 
problems of forestation and ornamental planting for the homes 
of a cultured people. 
PREVIOU::; STUDY OF THESE COUNTIES. 
Some members of the celebrated Lewis and Clark expedi-
tion may have reached this part of Iowa, in 1803-6. We have 
seen that certain of the party had personal knowledge of the 
Okoboji and Spirit Lake country. * Nicollet reports that he 
saw both the origin and the debouchment of the Little Sioux 
river, but he was unable to follow its windings, and his map 
of its course is hypothetical, chiefly. Owen maps the regiont 
and appears to have visited it. At any rate, his map shows a 
remarkably accurate knowledge of the course of the river 
just named, especially in that part of its windings which fall 
under consideration in this present report. Hall, of course, 
did not reach our present problem, as his investigations were 
confined largely to a study of the rock exposures of the east-
ern portion of the state. Dr. White;!: devotes a page or two 
to our counties, but, of course, gave less attention to what 
was then an unoccupied and unsettled prairie. 
PHYSIOGRAPHY. 
TOPOGRAPHY. 
The topography of these counties is, of course, in some 
ways very similar to that of the adjoining districts already 
described in these reports. We are still on the western 
.See vol. X of the present series, pp. l<}O-1. 
tGeol. Surv. of Wisconsin, Iowa and Minnesota, map. 
tRepor! on the Geol. Surv. of Iowa, vol. I , pp . 204-5. 
36 
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margin of the Wisconsin drift, and the same agencies were 
efficient here that brought about further north the more 
remarkable topographic features around Okoboji and Spirit 
Lake. In one sense our present history is but a continuation 
of the former. We ought to find the same knobby drift here 
claiming its share of the terrane, the same gravel trains fol-
lowing the course of the streams, the same pebbly drift 
spread out in level plains, or marked anon by the sculpture 
of erosion; and, as we may presently discover, we do find all 
these general features; and yet the whole scene is different 
and the landscape may fairly and with reason claim a new 
description. 
The morainic hills which in Dickinson county are a feature 
so conspicuous, cease there rather abruptly just north of the 
southern boundary of the county. They are succeeded by a 
high but marshy plain which continues south into Clay 
county for several miles, drained with increasing efficiency, 
especially to the westward by Meadow Brook. To the east, 
however, the marshes presently deepen into lakes, the char-
acteristic morainic topography gradually reappears, so that 
nearly the whole eastern side of Clay county is given up to 
typical knobby drift, generally in less pronounced form, but 
sometimes showing disconnected hills and ridges 150 to 200 
feet above the stream valleys. The best display of this 
topography is seen in Freeman and Logan townships, passing 
thence east in full strength into PaJo Alto county. Some of 
the more characteristic and notable of these hills may be 
seen from the railway train as the traveler passes the town of 
Ruthven. The hills lie to the south, and more than one of 
them enjoys a local reputation of being "certainly the 
highest point in the state." If brought to the actual test, 
however, they would surely one and all disappoint all local 
ambitions in this respect by perhaps two or three hundred 
feet. 
As we pass south thr,ough the eastern townshios of Clay 
county the hills grow lower, gradually fading from the land-
• 
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scape to the south and east, though the general level is still 
high and continues so far ,around towards the west and into 
Buena Vista county. At Gilletts Grove the hills meet the 
Little Sioux river and deflect it almost directly westward, 
sending it ploughing through great beds of typical Wisconsin 
drift, as we shall see, until the stream passes beyond our 
present limits. 
There are traces of this same form of morainic material in 
Waterford township of Clay county, but aside from this all 
the remaining territory now under consideration may be 
described as a level plain, not that it is absolutely level; it is 
a watershed of the prairie type, sending its waters east and 
west, all indeed into the Missouri river at the last, but 
strangely and paradoxically enough, starting the great 
majority of its streams toward the east and south. 
Oonst1'uotwnal Valleys. In the whole region now under 
consideration, nearly every important valley is at first wholly 
constructional. Some of these valleys are mere depressions 
in the general surface; some are the beds of lakes; some have 
been lakes and are now largely filled up or have found a more 
recent outlet and are more or less perfectly drained; others 
accommodate the waters of some slender, tortuous, but per-
ennial stream, by courtesy called a river. Of course, where 
streams now occupy these valleys erosion must be taken into 
account, but in these cases even the amount of erosional exca-
vation is generally insignificant by comparison. In order 
rightly to understand what lies before us in our discussion, 
we must keep ever in mind the difference between a valley of 
erosion and a valley of construction; the former is a ditch, a ' 
drainage channel shaped by the descending waters; the latter, 
the constructional valley, may have almost any form or c~n­
tour. In the more strictly morainic part of our present ter-
ritory the valleys of construction are basin-like and form "the 
beds of marshes or lakes; westward they are generally long, 
more trough-like, arcurate, parallel to each other and to the 
• 
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Ioca'! margin of the drift. Of the first type we have illustra-
tions through all the eastern part o.f Clay county, Swan lake, 
Trumbull lake, Lost Island lake, Elk lake, Mud lake, not . to 
speak of dozens of unnamed swamps and marshes occupying 
basins which have no reference to drainage either past or 
present, and owe to present erosion only diminished depth, 
income and not out-go. Some of these lakes are of sufficient 
size and permanence to merit special description. Mud lake, 
in Garfield township, is rather shallow, a marsh in very dry 
sea:sons, but described as showing ordinarily a handsome 
expanse of water, covering nearly an entire section. Elk 
lake, in Logan township, is a thing of beauty, a little gem, 
begirt with native trees and surrounded by precipitous hills; 
said to be fifteen or twenty feet deep, not at all marshy, over-
:flowing to the east where it joins certain wide marshy fens of 
Palo Alto county; certainly worthy of preservation if for no 
other reason than for its attractiveness. Elk lake is a typical 
morainic pool and owes its existence to precisely the same 
conditions which gave us Spirit Lake and Okoboji. 
Much larger than Elk lake are Trumbull and Swan in Lake 
township. Taken together they are four or five miles long, 
of varying width, never exceeding a mile, and cover in all 
. probably three square miles. These are permanent bodies of 
water, though with marshy borders and consequent variable 
expanse. Trumbull lake seems to overflow in two directions. 
The ordinary outlet is westward to join a great slough that 
stretches through the northwestern part of Lake .township, 
but on occasion also, at least until very recently, the waters 
of Trumbull lake have had escape to the east, through a 
marsh here known as Mud lake again, to join at length Lost 
Island lake and so find exit through the outlet of the latter 
body. 
Lost Island lake is a real lake, worthy to be ranked with 
those of Dickinson county to the north. The greater part of 
its expanse is in Palo Alto county, but its outlet is in Clay 
county, it forms part of the Trumbull series and therefore 
• 
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may properly be here considered. It covers altogether some 
four square miles. Its extreme length is perhaps six miles; 
its greatest breadth, two miles; and it is reported twenty or 
thirty feet in greatest depth. It is furthermore said to be 
fed by perennial springs that boil up from the sandy bottom. 
Its shores are beautifully indented, winding, often forming 
sandy beaches; to the north and east are low gravelly hills 
that serve to break the horizon; to the south and southeast, 
lie wide undrained :flats and marshes, extending half way 
across Freeman township. Where marsh and lake are at 
their narrowest, the public highway crosses by a long wood-
bridge, supported on piles driven into the muddy bottom. 
From this bridge the view northward and eastward across the 
lake is one of the finest. Several handsome farmhouses stand 
along the shores and provision is here made to entertain the 
summer tourist. From spring till late in fall these lakes less 
disturbed by boatmen, seem to be the abode of innumerable 
wild fowl. Ducks sall in flocks above the surface or plash 
all day long in the sunlight; killdeer, Sbipe, and tilting sand-
pipers run along the muddy :flats and sandy beaches; amid 
the dark bulrushes the startled bittern croaks and rises; in 
the more sombre autumn days the sedgy swamps rustle and 
sway with the gathering clans of strident blackbirds, when 
yellowheads, redwings, cowbirds, actually becloud the bul-
rush-darkened landscape. 
All these lakes lie in valleys of constructional type. They 
differ from similarly formed depressions to the west of them 
in that they are shorter; they form lakes and not river chan-
nels. They go with the moraine and are not found outside of 
it. However, in Clay county are to be seen some remarkable 
intermediate types. For instance, in Meadow township, 
extending through sections 9, 17, and 19, in Lake, and sections 
25 and 36, in. Meadow, is a long, narrow marsh. It is really 
a valley with tolerably steep banks in many places, formed by 
low, approaching hills. In wet seasons a lake, at other times 
nearly dry, its outlet stretches off toward the east and unites 
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with that of Trumbull, and so establishes relationship with the 
general series. 
But a more remarkable valley of the constructional type 
may be seen in Logan township. As one drives south from 
Elk lake, he suddenly comes in view of an immense valley, 
sweeping in a broad curve from east to west entirely across 
the township. The depression lies from 100 to 120 feet below 
'the general level, and is broad enough in its greatest expanse 
to receive the waters of the Mississippi. But in some places 
we look in vain even for a stream. We find but a marsh with 
no discoverable current. In other places a small rivulet may 
be discovered winding back and forth across the level bottom 
land. The rivulet receives small affluents from the north, 
some from the south, but, strangely enough, the valley nar-
rows as we approach the mouth, until near where it debouches 
into the valley of the Little Sioux, it becomes simply an ero· 
sion channel, hemmed in on both sides by precipitous hills. 
This valley with the little stream that wanders through it is 
called Elk creek; its general cour~e is westward, it receives 
the overflow of Elk lake, not directly as it appears, but by 
the way of the chain of fens and marshes mentioned above: 
lying in Palo Alto county, away to the east of the point of 
orlgm. West of section 15 the ·banks of the valley are very 
precipitous, remarkably so when we consider that their material 
is nothing- more resistant than the common pebbly Wisconsin 
clay. The sides of the valley, the banks, for such they really 
are, are broken everywhere by short, little, narrow gutters 
and secondary ravines seaming the grassy sides, affording the 
general impression of very recent erosion. In fact, everything 
indicates that rapid erosion is going on now. The land is 
shaping itself almost before our eyes. Give us a little time 
and these beetling banks will loose their minatory character; 
long, gentle slopes will take the place of bluffs, now so steep 
and so forbidding; even the table-land will vanish and long, 
low valleys wIll lead its waters down to the then persistent 
channel of Elk creek. 
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Such constructional valleys occur all over the area we here 
describe. Some of these will be further discussed under the 
general topic drainage. It remains only to repeat that they 
are especially characteristic of a morainic region. As has 
been said, kames and lakes, ridges and trough-like valleys 
make up especially the eastern and northern parts of Clay 
county. These features diminish somewhat southward; the 
southeastern part of Garfield township is a high but marshy 
table-land; but in the northwestern part of the township the 
kames and ridges are high enough and strong enough to change 
the course of the river, as alr~ady noted, soon to be particu-
larly described. In Buena Vista county to the south they 
will doubtless reappear to furnish forth for Storm lake a set-
ting at once adequate and appropriate. 
These hills are not anywhere continuous but occur in groups, 
marking, as it appears, local halts and recessions of the dis-
appearing ice. However, these hills, the high plains between 
the streams and the level plains which lie in some places by 
the streams themselves, form three distiuct types of topo-
graphy discoverable within the limits of our present discus-
sion. These are all associated under the general topIC, 
"drainage," and may be conveniently discussed under such 
heading. 
DHAINAGE. 
The streams of the region before us flow generally south, 
southeast or southwest at length, but the country as a wh9le 
has a southeastward slope. Thus, a profile of the recently 
constructed line of the Chicago, Rock Island & Pacific railway 
shows a rather uniform declivity from section 32, Tp. 98 N., R. 
XL W. to section 33, Tp. 94 N., R. XXXV W. Nevertheless, 
point,s on the open prairie, north and south in Clay county, show 
the same elevation. The country throughout is rather better 
drained than are some of the adjoining counties. This is 
owing in large part to the fact that the ('onstructional valleys 
referred to inaugurated a system of watercourses to which 
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subsequent erosion on all sides has more or less exten-
sively contributed. However, the streams of Clay county 
especially, those tributary to the Little Sioux in particular, 
are creeping, sluggish currents, winding about, as Meadow 
Brook, from slough to slough. Even the larger streams, 
the so-called rivers, are exceedingly dilatory currents hav-
ing the slightest fall, even long after their union with 
each other. The Little Sioux passes entirely across Clay 
county from north to south and forms its only drainage chan-
nel; in O'Brien, a branch of the Little Floyd, Mill creek and 
Waterman creek are similarly Qeneficent and efficient. Each 
of these streams is here worthy of special study and descrip-
tion. 
The Little Sioux river enters Clay county near the north-
west corner of Summit township and follows a broad con-
structional valley to the southeastern corner of the same 
township. By this time the valley has widened southward 
into a broad, sa.ndy plain, the common basin here of the Sioux 
and the Ocheyedan. Meeting the Ocheyedan the united waters 
of the two streams flow sluggishly athwart the same sandy 
plain eastward until they encounter the westward slopes of 
the morainic hills already described as occupying the entire 
eastern side of the county. By these slopes turned southward 
the stream passes out of Sioux township into an erosion val-
ley continually narrowing, the course nearly south but very 
tortuous, between high banks of Wisconsin drift, to Gilletts 
Grove; here the gravel mounds of the moraine approach again 
from the south and send the river westward and southwest-
ward five or six miles until, reinforced by the waters of Willow 
creek, it starts south again and goes winding through great 
beds of drift as before, now south, then east, north, south, 
then west, then south again beyond the limits of the county, 
only to emerge again at a point about four miles further west 
to cut for less than half a mile the south line of Douglass 
township, then out again and on westward some five miles fur-
ther when it reappears in Peterson township, traverses most 
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of its southern sections and finally cuts the O'Brien county 
line at an angle of forty-five degrees, flowing straight to the 
northwest. In O'Brien county the course, though tortuous, 
is westward but for a short distance, a mile or two, when the 
stream suddenly bends southward and so passes beyond our 
limits for good. 
That a prairie stream, draining a country destitute of rocky ' 
ledges or denser strata, should pick out a course so crooked 
FIG. 38. Where Willow cree k debouches into the valley of the Little Sioux. 
is certainly a matter of curious interest. The contrasts shown 
when one compares different parts of the rive.r valley are also 
very strange. The upper part of the valley from Summit 
township to Spencer: and beyond, is wide and shallow, flanked 
generally on both sides by beds of gravel. At Spencer the 
valley has widened to a broad sandy plain, some two miles 
wide and seven or eight miles long. Here the river ev:en after 
it has received the additional waters of several tributaries 
• 
4:74 GEOLUGY OF CLAY AND O'BRIEN COUNTIES. 
still occupies but a narrow channel, shall we say ditch, in the 
midst of the plain, its banks are of black alluvial soil, and its 
flood plain is perfectly evident, nowhere wide, but about ten 
feet lower than the gravel and marked generally, as in the 
neighborhood of Spencer, by a distinct terrace. As we pro-
ceed southward all this changes. The gravel follows us of 
. course, and is to be seen at intervals for the entire course of 
the stream, but the valley itself suddenly becomes narrower 
and deeper, the stream winds between high banks that are 
steep, precipitous, though of clay, cut on each side and gashed 
by sharp ravines, canons of present or recent erosion. This 
feat,ure becomes so marked that in Herdland township and in 
Lee township (Buena Vista county) immediately south of it, 
the river valley has long been designated as the "straits, " 
often no more than half a mile wide and at the railway bridge 
above Sioux Rapids even much less. 'The exact distance here 
as quoted by the railway engineers is nineteen hundred and 
ninety feet. The same thing is seen at Peterson, ten or 
twelve miles by rail farther down the stream, and indeed 
throughout the whole course of the river from Gilletts Grove 
south and west. The bluffs of clay are in ~ome places two 
hundred feet high, and the effect is picturesque in the extreme. 
The railways have laid their tracks across the valley by 
bridges, eighty feet above the water, and the trains go swing-
ing and creaking and winding about the sharp turns of the 
precipitous face of the clay bluffs and through channel-like 
cuts as if we were indeed in a land of mountains and rocks. 
Between Sioux Rapids and Peterson the valley widens out, 
especially in the vicinity of Linn Grove and west, where a 
tributary comes in from the south. Here the course of the 
stream was doubtless determined iu large part by some con-
structional depression which possibly remained for some time 
a lake or marsh before the stream affected the present deep 
channel from Peterson northwest. The yet remaining marshy 
plain west of Linn Grove and the accumulated sands about 
r 
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the town of Peterson, which overlie the Wisconsin drift, l!?-ay 
be explained by some such supposition. 
Waterman creek, which drains the eastern tier of town 
ships in O'Brien county, shows an exact parallel, only on a 
much smaller scale. Its valley also is notable for inequal-
ities of width; the average of the flood plain is perhaps half a 
mile. The stream rises northwest of Hartley and for eight or 
ten miles is simply a prairie creek wending along through an 
almost level country, with slow current, as if from slough to 
slough. Just before it reaches Grant township it receIves an 
important tributary, Little Waterman, from the west, and 
forth with begins to cut into the body of the Wisconsin clays, 
and so breaks down to the level of the Little Sioux through a 
series of chasm-like valleys, the walls almost perpendicular 
banks of clay, sometimes one hundred and fifty feet high. 
Barry creek, which comes in from the west, and Henry creek, 
which runs parallel to Waterman on the east, and is tributary 
to the Little Sioux, offer on smaller scale exactly the same 
topography. Indeed, the freaks of erosion as displayed by 
these streams in the southwest corner of O'Brien county are 
unmatched so far in a prairie country_ N () photography can 
do justice to the subject. One is reminded of the Bad Lands 
and the Mesas of the distant west. The proverbial section-
lioe road which elsewhere follows like a path of destiny the 
laws of the ~ urveyor, here, for once, falls baffled, toils pain-
fully up the channel of some lateral stream or ceases alto-
gether, leaving the traveler by wide detours to find, if he 
may, some easier thoroughfare, some gentler gradient. 
The comparative newness of the landscape is shown by the 
peculiar instability of the banks where erosion and change is 
still, with rapidity, going on. Little narrow gutters run down 
the face of the bluff sometimes at intervals to be measured 
in rods. These in winter are choked by snow; in summer they 
form conductors for rain water of higher grounds and deepen 
rapidly where not protected as they sometimes are by a curious 
growth of little burr oak trees. The face of the bluff is every 
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w h.ere so steep that landslides are a common feature. Every 
spring patches of grass-covered slope slip down, sometimes 
acres of it in a place. This was especially noticed in the val-
ley of Waterman. The marvel of it all is that no sooner one 
ascends the bluffs than he finds himself upon a plain often 
almost perfectly level. Section 31, in Peterson township, 
for instance, is only partially drained, shows lakes and kettle-
holes, though only a mile from the river and one hundred 
and sixty-five feet above it. Driving along the plain frqm the 
west, for example, the explorer approaches without the slight-
est fore-warning these wonderful ravines. Beautiful farms 
are thrust out like promontories into the valley of the river' 
commanding, as the channel bends and winds, prospects 
romantic in the extreme, shining meadows, glittering waters, 
wooded slopes, sunny nelds, and shadowed chasms. 
Such is the topography of the Little Sioux valley as it 
skirts our southern. limit1", a distance of twenty or thirty 
miles as the river flows. It is simply a successful effort on 
the part of the Little Sioux river to cut through the bmad 
morainic ridge of Wisconsin drift which, through all the upper 
course of the stream, as far south as Spencer, has been able 
to restrain its waters, sending them to the south and east, 
parallel to the course of the Des Moines. This ridge occupies 
all the central portion of Osceola county, the northern half, 
roughly speaking, of O'Brien county, and 'continues in a · 
southeastern course diagonally across Clay. It represents, 
so far as reported, the farthest great out-push of Wisconsin 
clay in this direction; the outer southwestern boundary of the 
formation is not yet clearly delimited. The belt of morainic 
hills already referred to as occupying so large a part of Dick-
inson county, and all eastern Clay, is recessional, marks the 
margin of the retreating glacier, the point at which it ceased 
to be aggressive, baIted and laid its far transported, mingled 
burdens down. When the final retreat began the ice over the 
ridge in question appears to have been comparatively thin. 
At first all drainage went over the western slope, spreading-
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a burden of sand and gravel over all the country to the west 
and south, filling all low places, as at Sibley and Sheldon, 
flooding the water courses whic:h we name the Rock and 
Floyd, with their minor tributary streams. Mill creek also 
received its share and Waterman was likewise a channel for 
a lessening drainage from the margins of the melting lce. 
As thawing went on and the retreat proceeded toward the 
north and east, the margin of the ice rested at length in the 
constructional valley that now accommodates the Ocheyedan 
river. Waterman and Mill creeks were now shut off. The 
course of the principal drainage went south and east, possibly 
by way of the Coon river and the Des Moines. At 'any rate 
the drainage from the melting ice found a wide lake bed 
where to-day stands the town of Spencer, and proceeded to 
fill it up with sand. Here, it would appear, was in those days 
a lake far wider than any now existent in northern Iowa. We 
may read its limits by traversing a plain of sand; we may fol-
low its low shores north of Spencer, and especially on the 
east and south, with ease. Lake Spencer, if so we may call 
this prehistoric watf'r, included perhaps all of Lost Island 
lake and the whole system round about it. To the east its 
waters may have filled in part the Logan. township slough. 
However we may attempt to explain it, the fact is evident that 
for some time Spencer lake received all the drainage from 
melting ice in this part of Iowa, and its whole area, as well 
as the broad areas now occupied by the Ocheyedan and the 
upper Little Sioux, was in this way filled with sand and 
gravel. Lost Island lake was out of the course of drainage 
and remained deep. The case is parallel to that of Spirit 
Lake and that of Okoboji in Dickinson county. ,~- The deposi-
tion seems to have gone on steadily until the gravel had filled 
up not only Spencer lake from east of Dickens almost to 
Everly, but had choked up all the affiuent streams as well, at 
least as far back as Milford. All this time erosion had 
been working northward from a pre-Wisconsin channel 
• See vol. X of this series, pp. 2(0-11 . 
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south of Cherokee and eastward by what, as we have 
seen, was a constructional valley entering from the 
southeast the valley of Waterman creek, working back 
in fact along the present valley of the Little Sioux until it cut 
through at Peterson, forming the rapids there (a mill-seat, by 
the way, so narrow is the valley), and drained first the con-
structional marsh or lake that lay in the vicinity of what is 
now Linn Grove. This out of the way, erosion began at what 
we now call Sioux Rapids, cut through the divide of Wiscon-
sin clay that limited our Spencer lake waters to the south, 
possibly near Gilletts Grove, the "straits" were excavated, 
and Lake' Spencer drained. The erosion of subsequent time 
has sufficed only to cut down the narrow channel which in the 
gravel plain or old lake bot.tom the rivers with their flood 
plains occupy today. The bridge at Spencer crosses this 
channel entire, flood plain and all. This also accounts for 
the gravel banks which form a topographic feature so con-
spicuousin many places, asin Sec. 20, Tp. 97 N., R. XXXVII W .. 
The newness of the whole situation as it now presents itself 
be<.:omes more evident the more we study it.. The narrowness of 
the river channel from Gilletts Grove to Sioux Rapids, the very 
fact of the rapids, used by the pioneer for milling purposes, the 
peculiar erosion features at the mouths of all tributary streams, 
of Willow creek and Waterman, the erosion now in progress, 
every bank gasbed with narrow gullies, steep and trough-like, 
as the valleys of a roof, eroded with every summer shower-
all these things seem easily explainable only on the theory 
that the Little Sioux river has only recently, as things geo-
logic go, made its way across the divide and found an outlet 
by way of Waterman valley down the Missouri drainage slope, 
The Little Sioux would thus seem to be a tributary to Water-
man creek rather than the reverse. The possibility of this 
appears when we reflect that the body of drift with which we 
are concerned is known to cover an earlier land surface 
already long the subject of erosion and amply supplied with 
drainage channels, South of the known limits of this later 
• 
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drift these channels are still in service, the creek and 
river valleys of the country; the ultimate drainage system of 
today is just the same as before the later drift came on. The 
Wisconsin simply obliterated all the sources of the streams 
and we have but to consult a map and in imagination carry 
back the older channels as tbey now appear, to form at least 
an approximate conception of tbeir former direction and posi-
tion. The northwest corner of Iowa bas always been a high-
land and tbe drainage bas for ages been toward the south. 
During the reign of the glacier the pre-Wisconsin channels 
beyond the ice margin were constantly in use as their far-
spread gravel trains now abundantly approve. As the ice 
retreated the waters would no doubt tend to cut back into their 
earlier channels, and this certainly ~ometimes happened; but 
in many places constructional depressions on tbe surface of 
tbe newly uncovered drift seem to have started streams in 
new channels, only here and there or at the last to become 
coincident witb tbose preglacial. Thus Waterman creek, 
probably Mill creek too, represents an older valley; possibly 
the original course of the Little Sioux. Compare, for instance, 
the present course of that stream south of Cherokee, the 
course of Waterman creek and the upper course of the Ocheye-
dan. The vast pile of drift extending diagonally across Osceola 
county, as already described, acted as a dam when once the 
ice retreated, while a great constructional valley carried the 
waters far to the east, again to be sent westward by the 
morainic hills about Sioux Rapids aTIll northward, hills perhaps 
still encased in ice. The course of the Coon river suggests 
still another pre·Wisconsin drainage channel which might 
once bave carried the waters of the Little Sioux. This chan-
nel would have extended from a point in the present valley of 
the Little Sioux, west of Linn Grove, south through a range 
of now existing swamps to Storm lake. This is but a sug-
gestion, and may not be further discussed until the topography 
of Buena Vista county is better known . 
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However this may all be, the deep, narrow channel of the 
Little Sioux results from a comparatively late draining of 
what we have been calling Rpencer lake, for the most part a 
wide marsh, when the ultimate drainage came on. Once the 
Little Sioux had cut its deep channel, the Waterman, too, found 
opportunity to cut back and down to the level of the larger 
stream and has since then effected, in larger part, what we see 
in Grant and Waterman townships, cutting what was once 
almost a level plateau into the holes and chasms we have already 
described. The same thing occurred at the mouth of Willow 
creek, in Clay county. Willow creek comes out into the chan-
nelof the Little Sioux, in Herdland township, nearly a hun-
dred feet deep; empties into the "straits" in fact. 
The whole eastern part of Gillett's Grove township is re-
markable as typical Wisconsin prairie on the upland, and yet 
characterized by drainage which narrows the channel at its 
debouchment. South of Spencer is a wide plain, thousands of 
acres as level as a floor; a Wisconsin plain with no evident 
kettle-holes, and no perceptible or evident drainage, save here 
and there a few shallow, far-reaching creek bottoms; no sculp-
ture, except in the immediate neighborhood of the river. 
Here, however, the carving is always notable, emphatic, in 
deep relief, the sides of the channels steep, precipitous, the 
valleys narrow as in a land where limestone and not simple 
drift had formed the subject matter on which the sculptor had 
plied his art. 
In all these cases it is to be noted that, as a rule, the east 
and northeast sides of the stt'eams slope down more gently; 
the steeper b~nks are on the west and southwest. Erosion is 
manifestly greater on slopes warmed by the western sun. 
There are, of course, many exceptions, due to various local 
causes. In the vicinity of Sioux Rapids, and all along the 
narrow course of the river here, the north banks, also, are 
generally precipitous. The north bank of the river near Sioux 
Rapids, seamed with line-like erosion channels, is shown in 
figure 39. 
• 
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The Ocheyedan river scarcely merits further attention here. 
En bering Clay county at the extreme northwest corner, it lies 
in a valley of construction all the way until its union with the 
Little Sioux. On the west it is controlled by a high plateau 
of Wisconsin drift, but on the east, especially between Ochey-
edan and Stony creek, there are not infrequent traces of mo-
rainic deposits of kame and sand hill type, although, for the 
most part, low and inconspicuous, most notable in the south-
west part of Waterford township. 
FIG. 39 View of the north bank of the Litt le Sioux ri ver north of Sioux Rapids . 
Concerning the drainage of O'Brien county there is little 
further to be said. Waterman creek has already received suf-
fi.cient attention. Mill creek and Little Floyd are interesting 
because, as seems from present knowledge, their topography 
is much older. Noone can. visit these valleys and not notice 
the contrast/ between the Foyd, for instance, and the Water-
man. In the Floyd valley there is an easy gradient, a rathel'" 
37 
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wide flood plain with immense deposits of graveL Mill creek 
shows the same features; in the neighborhood of Primghar 
and Paulina the secondary streams are even well developed 
and the drainage is perfected. One might be disposed at first 
sight to call the landscape Kansan, but all southwestern 
O'Brien county is certainly a Wi~consin plain. Mill and Little 
Floyd probably occupy pre-Wisconsin channels or have been 
longer subject to erosion. This whole problem must remain 
indetermined until the southwest margin of the Wisconsin 
drift is at last definitely known and traced. 
The following table of elevations kindly furnished by the 
engineers of the Minneapolis & St. Louis railway are inter-
esting in connection with the subject of topography, as pre-
sented on the preceding pages. The points named are almost 
in a north and south line across Clay county. 
FEET 
ABOVE TIDE. 
Langdon .... . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . ........ 1066. 
Spencer .. .. .... ...... . . .. .. .. .. .............. . ..... .... 1010. 
Greenville ............. ....... . ...... .. . .. ... .. ... .. .. 1091. 
Bed of Willow creek........ . .. ..... . . . . . . . . . . . . . . . . . .. 966. 
Cornell ..... . ..... .... ... . ......... ........ ..... .... .. 1089. 
Sioux Rapids... . . . . ......... ... .... . .... .. . . . . ...... 1005. 
Langdon is in the "knobby drift" region; Spencer, as we 
have seen, in the plain of an ancient lake or marsh; Green-
ville, on a perfectly level prairie, has the same altit:ude as 
Cornell, on the other (south) side of Willow creek; Sioux 
Rapids (station) is about fifty or sixty feet above the flood 
plain of the river. 
STRATIGRAPHY. 
The number of geological formations to be described in these 
two counties is small indeed. The whole surface deposit from 
side to side is referable to the glacial series and to the Wis-
consin stage. We are not without traces and intimations of 
older deposits, but these are rare and casuaL rrhe fine 
prairies, the broad marshes, the steep bluffs, the alluvial 
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plains, are all assignable to the familiar Wisconsin drift. The 
following synoptical table may be tentatively constructed: 
SYNOPTICAL TABLE. 
GROUP. I SYSTEM. SERIES. STAGE. 
Recent. Alluvium . Wisconsin loess. 
Wisconsin gravel. 
J>leistocene 
Wisconsin clay. 
Pre-Wisconsin sands; al-
Cenozoic. or Glacial. luvial. Quaternary. Kansan. 
Pre-Kansan sands and 
gravels . 
Mesozoic? Cretaceous? I Upper Cretaceous? Dakota sandstone? 
The first alluvium in the above table is made up of recent 
deposit near all the principal streams. It is a fine Rilt, com-
paratively free from gravel or sand, black with organic mat-
ter. It is well exposed in many places along the Little Sioux, 
forms the existing river banks, as at Spencer, and in the neigh-
borhood of Peterson. A similar deposit at Sioux Rapids and 
at Linn Grove forms the material used in the manufacture of 
tile and a fair quality of brick. The storm-waters have 
sifted out the pebbles characteristic of the ordinary drift and 
have deposited along the stream beds the finer material of 
typical Wisconsin clay, mixed with abundant organic matter. 
The Wisconsin Loess.-The second member of the present 
series is so named here to provide for a curious loess-like 
deposit found capping the typical Wisconsin gravel, as at Shel-
don, and in several places in the northwestern part of O'Brien 
county. Similar loess-like deposits in the southwestern town-
ships of Osceola county, taken with the peculiar topography 
of that region, led the present author to map southwestern 
Osceola as possibly pre-Wisconsin. * The topography is prob-
ably referable to pre-Wisconsin erosion, but the loess deposits 
.See vol. X of this series, pp. 219, 2.0, and map. 
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are no doubt more recent than the Wisconsin gravels, that is, 
than the Wisconsin ice. This Wisconsin loess is very uneven 
in deposition, sometimes only a few inches, sometimes several 
feet in thickness, not especially pure, and may possibly, in 
some places, after all, be an aqueous deposit of the same age 
as the underlying gravel. The material, however, shows often 
the peculiar angular fracture of true loess. In such localities 
loess-kindchen are not infrequent. Professor B. Shimek of 
the State University of Iowa, a well known student of the 
. loess and its fossils, has visited some of the localities of best 
exposure and regards the deposit as consisting of true loess, · 
whatever may be its source or origin. Similar deposits have 
been com monly 0 bserved only a little farther west, * and are dis-
coverable north as far as Ashton, and east as far as Hartley. 
The Wisconsin Gravels constitute the third member of our 
series. These are widely distributed. They are in the main 
of two distinct sorts, occupying two distinct sorts of location. 
The first are morainic, or, at least, are deposited in localities 
not in the pathway of recent drainage; the second occupy the 
existing drainage channels and are the so-called gravel-trains. 
Of the first type the gravel pit at Sheldon may be cited as an 
illustration. Here, high above the valley of the nearest 
stream, is a vast pile of clean gravel, containing bowlders not 
a few, some of them rotten and course, others hard and all 
unchanged, the whole pile more or les'3 evidently stratified 
and water laid from top to bottom. The mass is, however,. 
pure, almost free from any trace of organic matter. It seems 
to have contained at one time lime in considerable amounts. 
This, with other soluble mineral matter, has been very largely 
leached out by water, doubtless from the surface, and has 
effected to cement in layers several inches thick all the 
lowest strata. The pit has been long worked by the railway 
engineers and these indurated masses when broken up, 
make, it is said, excellent ballast. Large masses were 
observed so well cemented as to be with difficulty broken by 
'See voL X of this series , pp. n8-9, and pp. 147-9. 
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use of the sledge hammer. Under these indurated layers 
occurs the usual Wisconsin clay, if the reports of the work-
men are to be taken in evidence; the clay is not ordinarily 
exposed. A similar . gravel pit is worked to similar purpose 
just north of Cornell, in Clay county. This pit is already 
exhausted. Its floor is blue clay; but there is not lacking 
true Wisconsin drift here and there above the Kansan. A 
small but interesting bed of similar make-up is to be seen in 
the railway cut immediately north of Sioux Rapids; others 
are on the morainic knobs south of Ruthven, and others in 
various places in the northern part of Clay county, often 
worked by the farmers for the excellent road material. . The 
isolated knobs of the Ruthven moraine seem to be in many 
cases entirely made up of gTavel. A beautiful mound of this 
character, bowlder-strewn, lies just south of Elk lake. 
Gravel deposits of the second type are found in nearly all 
the stream valleys. Those along the Ocheyedan, the Little 
Sioux, Mill and Floyd creeks, are particularly noteworthy. 
From Willow creek and Waterman these deposits are con-
spicuously lacking. This accords with what has been already 
surmised as to the probable history of these streams. Their 
principal erosion has occurred since the ice finally retreated. 
But the amount of gravel laid down in the valleys of the other 
streams named is something surprising. From the time the 
Little Sioux enters Clay county until it reaches the "straits" 
its banks are bordered on this side, now on that, anon on 
both, by vast beds of gravel. From Everly east to Dickens 
there is practically nothing but gravel. Its thickness as a 
deposit is reported at from twenty-five to thirty feet, resting 
on blue clay, full of water. Drive-wells are in common use 
over the whole plain. In fact the deposit is continuous, or 
practically so, from Milford south. Those interested may 
compare the west bank of the Little Sioux in Sec. 20, Tp. 97 N., 
R. XXXVIIW., with the terraces in Milford township in Dick-
inson county. At Spencer the city well is nothing else than a 
r , 
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great pit some thirty feet in depth and of nearly as great diam-
eter sunk in the Wisconsin gravels. Similar deposits mark the 
course of Mill creek, especially south of Paulina; along the 
margins of the Little Floyd are found th~ same conditions. All 
this represents the movement of large quantities of water in a 
general southward direction, but in a measure independent of 
the present drainage system of the country and apparently 
prior to its establishment. 
The Wisconsin Olays.-These, commonly called "pebble dirt, " 
constitute nearly everywhere the ordinary subsoil of the 
country. All the rich upland prairies have for their basis the 
pale, buff-colored, pebbly drift. It is exposed on every high-
way where the least cutting has been judged needful to 
improve the road; it shows at every well mouth, whitens the 
top of every storm cave and slips and slides in masses great 
or small down the faces of the bluffs of Waterman and the 
Little Sioux. Its thickness appears to be variable in the 
extreme, but cannot be very accurately stated from the data 
at present available. The reports of well diggers are our 
best sources of information for the country at large. Occa-
sionally an erosion cut or a railway excavation goes througp. 
and reveals the underlying formations. Thus, in the neighbor-
hood of Sioux Rapids, on the west side of the "straits," the 
railway cutting reaches blue clay at a depth of some forty-five 
or fifty feet. This does not, however, reveal the total thick-
ness of the Wisconsin at this point, as the cutting is on the 
face of the bluff considerably below the level of the prairie of 
the immediate neighborhood. Along the southern margin of 
the territory here described the Wisconsin clays are, at a 
maximum, perhaps 150 feet in thickness. The deposit thins 
out to the west and northwest. West of Hartley and Suther-
land the deposit, if well records may be believed, is very 
thin indeed, nowhere more than twenty-five feet, generally 
not more than five or six, sometimes no more than two or three; 
sometimes none; "only black dirt and then blue clay." Thus 
the well at the county farm east of Primghar is said to be 700 
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feet deep, "with a foot or two of yellow clay." The deposit 
seems to be thinner in the vicinity of Mill creek, thicker 
again in Caledonia township, where well records indicate a 
depth of at least fifty feet. West of Hartley and north of 
Primghar, the highland of O'Brien county, 150 feet above the 
streets of Hartley, the thickness is "only five or six feet, then 
blue clay. " 
PJ'e- Wisconsin Sands.-Well diggers report that just beneath 
the "pebble dirt," as the Wisconsin is commonly called, a 
layer of sand and gravel not infrequently occurs. Just how 
general this may be is a question. At the south end of the 
highway bridge in section 28, Waterman township, there is a 
curious exposure of pre-Wisconsin sands. The usual Wiscon-
sin clay, here rather abundantly surcharged with bowlders, 
makes up the upper part of the exposure, plainly capping a 
deposit of fifteen or twenty feet of stratified, water laid sand. 
The Little Sioux river has cut into the base of the deposit and 
so brought about the exposure. The arrangement of the sand 
in layers lends color, so far as may be, to the idea expressed 
above that Waterman creek possibly lies in the line of a pre-
Wisconsin stream. It is further to be noted here that there 
are springs along the Waterman at various points in Water-
man township. Some of these springs issue from sand. They 
doubtless owe their emergence to a somewhat extended sand-
couche resting upon a layer of impervious clay. 
Kansan D?'ift.-Under the ordinary surface deposits, what-
ever their character, everywhere over the whole region we here 
discuss, the notorious "blue clay" is a matter of unanimous 
report. It is exposed, as already stated, in the railway cutting 
near Sioux Rapids, in the gravel pit south of Greenville; it is 
reached by well diggers -in every part of the country, some-
times even in cellars. This clay is regarded as forming part 
of the widespread Kansan drift, representing an old ice-in-
vasion long preceding that which deposited the Wisconsin 
clays. It is, where freshly exposed, generally dark blue or 
gray in color, sometimes fine and pure, sometimes sandy or 
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mixed with gravel; everywhere charged with bowlders, "nig-
ger-heads," usually exceedingly hard, not very large, varying 
in abundance in various localities. 
The thickness of the blue clay varies in a striking way 
within limits comparatively narrow; thus in Clay county it is 
reported at from thirty to sixty feet. In O'Brien county 
wells 200 and 300 feet "through the blue clay," are not 
uncommon. The well at the county farm, east of Primghar, 
is reported 700 feet, nearly all blue clay; on the Boyd farm in 
Caledonia township is a well said to be 1,000 feet deep, through 
. the blue clay "nearly" all the way! In every case it is essen-
tial to go through the blue clay to make sure of a constant 
and abundant water supply; hence if we had an exact record 
of the wells of this prairie region we should be in position 
presently to understand this most important deposit very 
much better than now. Well diggers have here an oppor-
tunity to serve in a peculiarly effective way at once the cause 
of science and the interests of the community in which they 
may be employed. It is not very difficult to keep a log of the 
various wells sunk, and every such record, aside from its 
scientific interest, would be at once somewhat of a guide as to 
the probabilities in attemptjng other wells in the same neigh-
borhood. The cases cited in this report are all from the memo-
randa of well diggers. If these had been made for our purpose 
they had been of the highest advantage. As it is they are 
only suggestive because only approximately accurate. They 
instruct us in a general way. For instance, beneath the blue 
clay in our locality occurs either sand or sand rock or both. 
It is impossible from the reports we have to say what it is in 
any particular case. It is probably in some cases pre-Ka.nsan 
sand and gravel; in others, the top of the Cretaceous series as 
here laid down. There seems to be everywhere a uniformly 
aquiferous layer just below the blue clay. 
It is instructive to reflect that of all the deep wells bored 
within our present territory, and they are many, not one 
reveals any evidence of coal. Of course not one was bored 
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in premeditated search for coal or mineral wealth, but the 
evidence is certainly just as decjsive for all that. There is 
no coal in the drift at any rate, and t-he drift in these counties 
is often of great depth. The well·a.t Peterson, for example, is 
reported as follows: 
FEET_ 
Sand and gravel. ... . _ . .... _ ........... . ......... . ....... 20 
Blue clay .............. . ... _ .... .. ................... .. .. 80 
Sand_ ... . ................................•............ 20 
In the lower sand is found abundance of fine water. This 
well is not far from the river and is probably a hundred feet 
or more below the general level of the surrounding country, 
that is, of the drift, so that the drift in the neighborhood of 
Peterson is not less than 200 feet deep, and is probably much 
deeper. 
Pre-Kansan Sands.-Everywhere in both counties asuccess-
ful well is described as going through the blue clay and strik-
ing sand. In this sand, as just remarked, there is always 
abundant water. This experience is so uniform over a wide 
por~ion of the state that even without other evidence we 
should be warranted in naming as a distinct member of our 
Iowa drift series the pre-Kansan sands. But there is other 
evidence, not to be cited here, which leads us everywhere to 
expect just what the well diggers report. The depth of the 
formation is not known; it is somewhat variable, certainly 
nowhere very thick. If reports are to be credited, the forma-
tion is sometimes lacking and the blue clay rests directly upon 
sandstone. This is by no means improbable. 
Oretaceous Sandstone.-This is listed here simply to provide 
for the deposit referred to in the preceding sentence. Sand-
st-one is not infrequently reported, sometimes below the clay, 
sometimes below clay and a bed of sand. This is not incon-
sistent with the evidence given by the record of the deep 
wells on either side of our region, as at Emmetsburg and 
Sanborn. 
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ECONOMIC PRODUCTS. 
The economic products of this part of Iowa are neither 
numerous nor varied. This region is not a land of mountains 
and valleys, of crystalline rocks freighted with gold and sil-
ver or other metallic ores; neither is it a region of sandstones 
or limestones and shales, exposed by long ~rosion 011 the 
banks of every stream; we have rather to do with a simple 
prairie, where vegetation has for some thousands of years 
been contributing a wealth of organic matter to the 'Surface 
soils now of a fertility unmatched, resting upon subsoils of 
unusual depth, and of a constitution for the support of all our 
agricultural plants simply unrivalled. 
Soils. 
The soils of the two counties in question are almost um-
formly of one description. We find almost over the whole 
area the same deep, rick, black, fertile loam, well adapted, 
as abundant experience has proved, to meet all the require-
ments of successful agriculture. Configuration of the surface 
makes tillage a matter of the greatest ease ; there are no hills, 
save the few bluffs along the streams as heretofore described, 
and these are not given at all to tillage; on the other hand, 
aside from these few steep slopes, it would seem that every 
acre might be subjected to the plow. The whole country is 
one vast, beautiful field, adorned with groves, and mapped in 
summer with the colors of a varied harvest. In some places, 
as about Spencer, the soil is warmer, more sandy, but is none 
the less productive. The .subsoil is nearly everywhere cal-
careous, continually yielding up the very materials needed 
for the most successful raising of wheat. Even the marshes 
and swamps that have been thought for so long a detriment 
to this portion of Iowa, are vanishing, and well directed drain-
age will soon have left no trace of them in the continuously 
cultivated field. 
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Sands and Gravels. 
The few exposures of sand and especially of gravel in these 
counties have been of the highest value in many ways. 
Wherever accessible they have been entensively worked by 
the railway companies for ballast. The gravel pit at Sib-
ley has already been referred to, as also that near Cor-
nell. Such deposits are quite as valuable for road making 
as for ballast, and the principal towns have fine streets made 
of this simple material. The time is doubtless near wh~n the 
rural highways will receive as much attention as those of the 
city have received, and these gravel beds of the northern 
drift will then be estimated at their true value. 
Brick Clay. 
Good deposits of brick clay are yet a desideratum in both 
counties. The common drift contains too much lime. The 
blue clay seems to contain too much gravel and sand. That, 
however~ exposed in the bottom of the Cornell gravel pit 
seemed to promise better results in this regard. At Sheldon 
Mr. A. S. Hurley manufactured last year 700,000 brick. Mr. 
Hurley uses the loess-like deposit above the gravel in that 
neighborhood, mixed with a certain proportion of soil taken 
from near the surface. The brick shown by Mr. Hurley are a 
fair quality of rather soft brick. Some of his kilns are first 
rate, but the quality, he reports, is uneven. 
At Sioux Rapids, just south of the Clay county line, Mr. J. 
F. Cooley is making good soft brick at the rate of 500,000 per 
year, and tile at the rate of 700,000 per year. Mr. Cooley 
uses an alluvial Wisconsin clay. At Spencer, Mr. Ira Hilliard 
has for a long time been manufacturing a fair quality of soft 
brick. He, too, uses a form of alluvial clay mixed with soil 
taken from near the surface. 
Fuel. 
The fuel supply of these counties is thus far wood. As will 
appear in the list of forest trees to be given further on, the 
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early pioneers found native timber in this part of Iowa in con-
siderable variety and in amount sufficient for their immediate 
uses. Some of the primeval trees are still standing, showing 
that the supply was not exhausted when the railways began 
to bring coal within convenient reach. At present almost 
every farmer has in his grove a supply of fuel, if not wholly 
adequate, at least so far productive as to make him, for the 
greater part of the year, independent of importations. 
It is the belief of many that coal may be found in north-
western Iowa, once we put ourselves to the trouble to 
make the necessary investigation. Coal in Iowa and else-
where has usually been revealed by erosion. The rivers and 
streams have cut down through the overlying rocks and un-
covered the coal which is supposed to lie spread out every-
where beneath the surface. In northwestern Iowa the streams 
have nowhere reached the indurated formations at all and it 
is accordingly thought necessary to make exploration by 
boring, and·it is thought that if the boring- be only continued 
far enough and deep enough coal is sure to be encountered in 
Clay county, for instance, as surely as in Polk or Mahaska. 
The first part of this assumption is well founded. The streams 
have certainly reached no coal, nor anything suggesting it, 
and if coal exists beneath the surface at all its presence must 
be revealed by artificial means. 
Fortunately or unfortunately, as the case may be, we have at 
hand a very considerable number of borings, more or less deep, 
bearing directly upon our problem. These are the deep wells 
which all over this section of Iowa the industrious farmers 
have been sinking, are sinking every day, for the purpose, not 
of finding coal it is true: but of securing a permanent supply of 
pure water. However, these all answer our purpose just as 
well. Everyone according to its depth answers the question 
whether there is coal or not in the particular locality where 
the well goes down. Nearly all the wells in this part of the 
country, and there are hundreds of them, go through the blue 
clay. Very rarely are these wells less than one hundred feet 
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deep; they are generally from 250 to 500 feet deep, and some-
times very much deeper. It will be conceded: then, that if 
there be coal here beneath the surface it is pretty deep down 
and lies all below the blue clay. This practically puts any 
coal there may be out of our reach. We should have not only 
the great depth to contend with, but, what is worse, the strata 
below the clay seem saturated with water, water under con-
siderable pressure, that would render difficult, if not wholly 
impracticable, the operation of a mine at that horizon. 
But it is by no means certain that we can find coal even in 
the strata reached after we pass the blue clay. Indeed the 
evidence we have is discouraging. Many wells in these two 
counties have been sunk considerable distances beyond the 
blue clay without encountering the faintest sLlggestion of any-
thing like the coveted mineral. A deep well at Emmetsburg 
goes down more than 600 feet beyond the blue clay without a 
trace of coal. Directly west, in one of the counties now con-
sidered, at Sanborn, is another well whose fountains are more 
than a thousand feet below the blue clay and no trace of coal 
yet. The probabiJies of finding coal along the line of Chicago, 
Milwaukee & St. Paul railway in this section are evidently not 
very great. N or is this all. If r,eports are true there is a well in 
the southwestern corner of O'Brien county 1,000 feet deep with 
no report of coal; Sioux City a little fLlrther southwest, con-
tinuing a line from Sanborn in the same direction, has a well 
more than 2,000 feet deep and no coal. At Holstein, directly 
south of Sanborn we have another very deep boring with the 
same report. The chances then of finding coal, not t9 say of 
working it, in the counties thus reviewed are evidently not 
the best, at least until we descend more than a thousand feet 
below the surface. N ow this is all apart from anything 
a geologist might say about the subject, forming his opinion 
on what he knows of Iowa and the extent and arrangement of 
its various rock strata. All the statements made above 
record facts, reported not by geologists, but by men who dig 
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wells; men who seek not to establish a theory, but to find 
water. Their testimony, at least, ought to be convincing. 
At Peterson many years ago a well was sunk with the 
avowed purpose of finding coal. By the report of the man 
who made the boring coal was found. By the courtesy of Mr. 
J. A. Kirchner of Peterson the writer was permitted to read 
the "log" or record of the enterprising, if less scientific, con-
tractor who made the boring. We present the record, not 
for its accuracy at all, but as a curious illustration of human 
ingenuity where knowledge fails or is in any way defective. 
The table is here reproduced from and extra edition of the 
Peterson Pilot and bears date, August, 1883. 
FEET. 
"Sand and boulders..................................... 10 
Blue clay .......................... ..... ................ ·47 
Sand rock........ ...................................... 15 
Reddish brown and pink feruiginous sand, containing 
large amount of pofery* and carbonaceous matter..... 13 
Steatite serpentine...................................... 10 
Arenaceous shales, very hard iron bands;.... . . . .. . . . . . . . 10 
Magnetic oxide iron in alternate layers pofery. . . . . . . . . . . 5 
Sand pocket black sand............. ................... 1 
Feruiginous steatite and oxide of magnesia.... . ......... 4 
Bituminous shales and slate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Coal........ .. . ........... .... .•........... ..... . .... .... 3t 
Good pure fire clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3t 
Coal................ .. ...... .. .................... ... .. 3t 
Fire clay and shale ..... " ........ . ..................... 3t 
Good coaL................. .... ........ ... .............. 3 
Limestone" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Enticed by such remarkable prospects we are not surprised 
that the little community enthusiastically supported a move-
ment to proceed at once to develop the natural resources thus 
revealed and only 120 feet below the surface. A company 
was formed, a carefully constructed shaft was carried down at 
cost of many thousand dollars. A log of the shaft seems not 
to have been preserved, but from the memory of one who 
watched the excavation it was something like this: 
*Original orthoi:raphy preserved. 
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FEET. 
Sand and gravel ... . ... ... . . . . . . . . . ... . . . . ... .. .. ... ... . . . 20 
Blue clay ...... ... .. .. . . .. .. . . . . ..... . . ' . .. .. ... .. . . .... .. , 85 
Quick sand... .... .. ... ... . .. . . .. .... . ... . .. . . . .. ... . .... r 
Sand and gravel or sandstone .. . ....... .. .. . , . . . . . .. ..... 30 
At this juncture for reasons unexplaineo the work was 
abandoned. The water gave a great deal of trouble and per-
haps afforded the principal excuse for suspending operatjons. 
r.rhe discrepancy ·between this log and the former is suffic-
iently marked. Indeed, the latter record more nearly coin-
cides with that of the town well some .rods further to the 
west. Supposing the shaft to have been begun twenty feet 
higher up the slope than the point at which the boring 
began we still have over 100 feet in which the two records 
may be compared foot for foot. The contrast is all the more 
surprising when we further reflect that the distance from the 
mouth of the boring to that of the shaft does not exceed 
thirty rods, perhaps does not equal twenty. Who may resist 
the conclusion that the first log is made up of misstatements 
intended to mislead ? 
As these lines are written the newspapers of the country 
are bringing tidings of the discovery of petroleum in the 
center of Clay county. Judging by what we know of the 
structure of this part of the country, judging from data gath-
ered as above, the chances for finding coal-oil in Clay county 
are about equal to those of finding coal. The question of the 
presence or absence of petroleum will of course be answered 
in this case also by the sinking of a prospect hole. For the sake 
of the enterprising people who make the investigation let us 
hope that the prognosis of science may here fail of justifica-
tion , and that if oil should refuse to flow, a well of purest 
water may at least reward their toil. 
Water Supply. 
From what has been said in the last few pages there can be 
in the mind of the reader no doubt as to the abundance of the 
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water supply in this part of the state. An unfailing supply 
of the best water may be obtained, it would appear, almost 
anywhere by piercing the blue clay, and this, while thick, is 
nowhere so thick as to make drilling impracticable. The deep 
well at Sanborn, however, is a disappointment; it pierces the 
strata far below the blue clay and derives water from the low-
est source only. The earlier water veins reached were shut 
off, as encountered, by the casing. In a great many places 
the deep well is not yet a necessity. In some places it prob-
ably never will be. In all localities marked by the presence 
of gravel shallow wells are all-sufficient. Drive wells have 
been mentioned in connection with the Spencer plain. The 
public well at Sheldon is not deep, is simply excavated in the 
gravel described elsewhere in this report. 
The streams coursing the counties before us are of the 
highest importance from the present standpoint. The Little 
Sioux, the Ocheyedan, the Little Floyd, Waterman, Mill creek 
and Willow creek are all perennial streams of greatest service 
to those contiguous to their channels. The mill at Peterson 
possesses the only water power now in use in either county. 
The amount of fall at this point is such as to warrant the 
expectation that the power may still find profitable employ-
ment, even if the manufacture of flour should no longer prove 
desirable. 
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FORESTRY NOTES FOR O'BRIEN AND CLAY COUNTIES.-
The traveler through the northwestern counties of Iowa is 
treated to continual surprise in the number and variety of 
arboreal species certainly native to these prairie regions. 
Every river valley, every sequestered or protected nook has 
its trees. True, these are at present mostly rather small, 
probably in many cases not more than fifteen or twenty feet 
in height, probably in most cases not more than fifteen or 
twenty years of age, but they are vigorous and abundant and 
show a disposition to form a forest, often exhibit genuine forest 
conditions, all in such a way as to make certainly successful 
any well advised attempt to raise forest products on the 
prairies. In some places the primeval trees still stand. 
(Fig. 40). All the better specimens of course have long since I 
been cut away to build and warm the homes of the pioneers, 
but enough remain, in regions less conveniently accessible, 
to show at least what these ancient trees were like, how they 
braved, in many an individual case, the perils of their own 
frontier position and have even lived to see in happier days a 
generous progeny. (Fig. 41). This figure is especially interest-
ing. The thinly clad branches of an ancient elm may be 
seen in the illustration, rising above a dense mass of 
umbrageous trees. This is the "lone tree" of Lone Tree 
township, Clay county, dying now, chiefly because of recent 
ill usage, but at one time, as the story goes, the only tree on 
all the wide prairie west of Spencer. No one now passing and 
seeing the abundant young forest, not of elms only, but of 
varied species, extending around the old elm and up and down 
the Ocheyedan here, would ever think that these trees are 
all indigenous, and that twenty-five years ago there was not 
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another tree in the township. Another view here offered 
shows a bur oak and its descendants. (Fig. 42). Such trees 
are not infrequent in out of the way places, on the crown of 
some steep bluff or on an exposed hilltop, as in the neighbor-
hood of Peterson, along the highway leading west. It would 
seem thoughtless indeed if the owners of such trees should 
fail to appreciate their significance. rrhe hardiness they 
FIG. 41. Lone Tree, surrounded by the new forest. 
exhibit, which centuries of fire and storm have not sufficed 
to overcome, appealed to the sympathetic pioneer and speaks 
eloquently for the possibilities of future years, when the 
efforts of nature shall be less disturbed by such unfriendly 
conditions. The young forests along the Little Sioux are as 
beautiful in:effect as any, and if not destroyed prematurely 
by their impatient owners, will yet prove a source of abundant 
profit. 
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The success of tree planting has been everywhere marked. 
A farm without a grove is anomalous. If along the highway 
one such does appear, we may be sure the land is rented; the 
FIG. 42. An aged burr oak and its progeny . 
owner has not sufficient interest in his land to make it beauti-
ful, nor sympathy with his tenant to seek to make him com-
fortable. The persistence of native species and the abundant 
success of the planted varieties leaves no doubt that in these 
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two counties also timber supplies of all sorts adequate for 
home consumption may easily be produced. 
The trees native to O'Brien and Clay counties were all at 
first confined to narrow areas around the more prominent 
bodies of water, the lakes and rivers. All along the Little 
Sioux river, from Spencer southward, trees were not rare. 
Gilletts Grove by its very name will preserve the history 01 
vegetation in that neighborhood. Trees were not wanting to 
the valleys of Henry and Waterman creeks, and there were 
not a few in the neighborhood of Lost Island lake and some 
about Elk lake. Nearly thirty species of woody plants have 
been reported from this "treeless" region, and the personal 
observations of the present writer confirms the report in 
nearly every case. The woody plants of the region are as 
follows; native unless otherwise stated. 
Tilia am81'icana Linn. Basswood, Linden. 
Common in Gilletts Grove, about Peterson and in the valley 
of Waterman creek. This is a most valuable and hardy tree. 
It grows rapidly, is a fine shade-tree, its flowers afford the 
bees material for the finest honey, and its trunk at last makes 
a valuable kind of soft lumber. The tree does best in rich 
soils, but is also to be found climbing the clay bluffs of the 
Wisconsin drift; so that in northwest Iowa it will probably 
grow wherever planted. 
Xanthoxylon americanum Mill. Prickly Ash. 
A vigorous shrub, of spicy twigs and foliage, small flowers 
followed in August by bright red, berry-like fruit which pre-
sently breaks open revealing a pair of shiny black seeds. 
Not rare in the valley of the Little Sioux from Gilletts Grove 
south. Useful only as an ornamental shrub. The flowers 
are of two sorts on different bushes and to secure the fruit 
the two must be found and planted near each other. 
Acer sacch.arinum Linn. Aoer dasyoa1'j)um of Ehreart and · 
of the books. Common Maple, Soft Maple, White Maple. 
This is the maple everywhere commonly planted as shade 
tree and wind-break. Reported indigenous about Peterson. 
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One of our most valuable prairie trees, very hardy and ready 
to grow on all sorts of soil, rapidly attaining usefulness as 
bringing shade in summer, protection in winter. The most 
valuable friend of the farmer-pioneer. The wood though soft 
makes excellent fuel and a grade of lumber not to be despised. 
Unfortunately the barbarous lopping to which, under pretense 
of pruning, the trees are everywhere subjected, opens the 
heart or the tree to the weather and to speedy decay and · so 
good logs from cultivated trees are seldom seen. 
Aoe.r negundo Linn. Box Elder. 
Native to the stream valleys; exceedingly common in the 
valley of the Little Sioux near Peterson. Doubtless spread-
ing since the fires have been checked. Everywhere a favorite 
for wind-breaks and commonly planted. This is also a useful 
tree as a temporary protection or nurse for trees of better 
quality. 
Rhus glabra Linn. Smooth Sumac. 
This is the common sumac of all the northern woods 
east of the Rocky Mountains. In the counties here studied 
it is small, dwarfed and not common. Well worthy of 
preservation and cultivation as an ornamental shrub. 
Nothing lends quite the same rich brilliancy of color to 
the autumn landscape, nothing to equal the glowing foli-
age of the sumac. Contrary to popular impression, the 
shrub is not poisonous. The poison sumac, poison ivy, 
three-leaved ivy, Rhus vel'nix Linn., was not observed nor is it 
reported in either county, although it may certainly be 
expected wherever woody species flourish at all. It may be 
known by its three-foliolate, three-parted, leaves and loose 
clusters of whitish, berry-like fruit, hanging on the leafless 
stems in fall and winter. The plant is of very variable habit, 
sometimes a vine climbing by rootlets attached to the bark of 
trees, sometimes a low shrub, one to four feet high, common 
about fence posts where seeds are dropped by perching birds. 
Formerly reported from the eastern part of the state only, it 
is now doubtless distributed over the whole area and will be 
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found probably, in every county. The fruit is poisonous, and 
for some people the plant is poisonous, even to the touch, 
especially when the leaves are vigorous, or when the plant is 
in flower; in this latter case, however, most people appear to 
be immune. Thousands of people unconsciously walk over 
poison ivy, pass by it, even handle it, every year, and yet 
suffer no ill consequences. 
Prunus americana Willd. Wild Plum. 
A common tree forming thickets here and there by the road-
side, especially on the shores of Lost Island lake, along the 
Little Sioux, and in similar situations everywhere. A beauti-
ful ornamental tree, nothing finer when in bloom; valuable as 
a hardy fruit stock and as constituting an element of a north-
ern grove; inured to severest climatic conditions of every sort. 
This and the Wild Crab are largely held in check by rabbits, 
which, in winter, girdle the stems of young shoots; otherwise 
the species would be of almost universal distribution. 
Prunus virqiniana Linn. Choke Cherry. 
Found only in the valley of the Little Sioux. A rather 
handsome little tree, tending to form thickets, covered in 
spring by showy clusters of white flowers; later laden with 
shining black fruit, the delight of the wild birds. 
Py1'US iowensis. Crab Apple. 
Common in thickets about Lost Island lake and along the 
Little Sioux. A fine ornamental tree; the bloom beautiful 
and sweet, the fruit not without value, and the tree, itself, 
admirable to the formation of a thicket, as a wind-break, or 
protection against snow drifts and storms. 
OmtG3qus coccinea Linn. Hawthorn. Red Haw. 
This species occurs occasionally with the preceding along 
the river and is commendable in much the same way. 
Symphoricarpus occidentalis Link. Wolf Berry. 
This is a handsome little shrub characteristic of the bor-
ders of the northern woods. Growing in clumps, the stems 
two or three feet high , with handsome axillary flowers in July 
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and August, succeeded by beautiful white berries in fall. 
Deserves a place at the border of every northern lawn. 
Sambucus canadensis Linn. Elderberry. 
Not common; probably escaped from cultivation here and 
there. Planted sometimes in gardens by those who esteem 
the fruit, and like to share it with the- birds. 
Viburnum lentaqo Linn. Black Haw. 
Mr. Kirchner reports this from near Peterson. It is a small 
tree popularly known and appreciated for its fruit. Useful 
chiefly as an ornamental shrub, or as an index of the possibili-
ties of the region where it occurs by nature. The tree loves 
rich soil and bespeaks forest conditions. 
Fmxinus americanus Linn. White Ash. 
Nati ve to both counties and everywhere commonly planted. 
One of the most valuable, if not the most valuable tree in 
northwestern Iowa. Native to the whole region, along 
streams and by the lakes; by the farmers everywhere wisely 
planted in groves and wind-breaks, clean and healthy, this 
tree makes splendid wood, good timber for all farm purposes, 
is long-lived, tough and strong. It should now supplant in 
large measure the less desirable cottonwood and box elder. 
Ulmus amel'icana Linn. Common Elm. White Elm. 
This is another hardy and common species. The only tree 
for street planting. Some rather fine specimens are still 
standing on the county line of Clay county: immediately north 
of Sioux Rapids. 
Ulmus fulva Micbx. Slippery Elm. 
Mr. Kirchner reports this species as native to the valley 
of the Little Sioux. Less valuable than the preceding and 
not common. Ulmus racemosa Thomas, should be found in 
these counties as it occurs about Spirit Lake, but was not 
observed, nor is it on the list of trees reported. 
Juqlans niqra Linn. Black Walnut. 
This most valuable species is also reported from the groves 
about Peterson, by Mr. Kirchner. Specimens were also 
observed in the southeastern part of Clay county. These 
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trees are easily raised from the seed and they grow at first 
rapidly on the prairie soils, but the walnut is essentially a 
forest tree and can flourish under forest conditions only. 
Growing walnuts must be protected by the presence of other 
trees. They flourish best in sandy, but not impoverished 
soil, and in low but well drained grounds. In ash and black 
walnut the farmers of northern Iowa have at hand two timber 
trees of highest value. They should be introduced in groves 
of box elder and soft maple and allowed to slowly, in part at 
least, supplant these less desirable forms. 
OClll'ya amara NuH. Bitter-nut. Pig-nut. 
Not common. Yet to be seen here and there in the valley 
of the Little Sioux. A tree of comparatively small value. It 
grows slowly and has few qualities to recommend it in the 
present case except as the wood may be used for fuel. 
001'ylus amm'icana Walt. Hazel. Hazelnut. 
Common wherever there is native woodland, it is in 
a measure a nurse for other species. It may often be seen in 
patches out at some distance from the established forest and 
by holding leaves and especially snow, has served to check in 
spring the ravages of fire, which is of old the destructive foe 
of seedling trees. 
Ostrya vi'rqinica Willd. Iron wood. 
A rather common tree along the Little Sioux and by the 
banks of Waterman creek, of slow growth it forms wood of 
remarkable density and is serviceable in making tool handles, 
in the repair of farm machinery, etc. 
Populus deltoidea Marsh. Cotton wood. 
Common everywhere and everywhere planted. Mr. Griffin 
has beautiful rows of this tree near Greenville, in Clay county, 
and groves of the species are to be seen on every horizon. 
Fig. 43. Valuable chiefly in single rows or as isolated or scat-
tered trees, border to a grove of some other species; less suc-
cessful when used to form a plantation. The trees in the mid-
dle of a grove of cottonwood are stunted, even die out entirely, 
I 
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and are in every way a disappointment. When planted along 
the highway these trees, a~ in the case cited, make a hand-
some avenue, but their shade, refreshing to the traveler, is at 
the same time deleterious to growing crops in the field. For 
FIG. 43. A row of noble cottonwoods shades th e highway 
this reason the farmer is apt to esteem such decoration of his 
holding too expensive. Planted on north and south lines they 
are less objectionable, and on the south side of an east and 
west highway they are almost without injurious effect. 
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Junipel'u8 vvrqiniana Linn. Juniper. Red Cedar. 
This seems to be the only evergreen native to the region .. 
It is reported to have been at one time common along the 
steep bluffs of the Waterman. Specimens brought from these 
localites are now to be seen in many dooryards, but none were 
observed in their native habitat. A remarkably hardy tree is.. 
this, well adapted to the region, enduring shade, making fine 
borders, hedges, etc. The tree suffers much from snows, 
where fully exposed, and often becomes crooked and strag-
gling with age. 
These are the principal woody plants of the counties we 
have been studying. The list is not very long but surpris-
ingly long for a treeless region. At any rate, we have here a 
variety sufficient to guide us in our planting in this part of 
Iowa, and to make possible very handsome grounds and home-
steads, as the experience of the farmer in many places already 
begins to show. The more common fruit trees are to be seen 
everywhere planted, and of conifers many introduced species 
were observed, such as the larch, the Norway spruce, the 
white pine, and especially the Scotch and the Austrian pine. 
The last named seems to be by far the better of the imported 
species. 
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Erickson, 0., quarry, 431. 
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514 . INDEX. 
Marion,Red Rock sandstone, Hi8. 
Saint Louis limestone, 142, 186. 
Analysis of, 186. 
Sand ridges, 167. 
Soils, 196. 
Stratigraphy, 140. 
Topography, 131. 
Water power, 139. 
Supply, 193. 
Zinc, 193. 
Martin, John, quarry, ~22, 2611. 
Marysville mines, 181. 
Maxwell, J . D., 439. 
McClurkin, Ockletree & Co., brick 
yard,120 . 
McGee, W . J., 356. 
Cited,283. 
McLeod quarry, 882. 
McNaughton brickyard, '53. 
Meekella stria/ocostata, 482. 
Meyers, P . F., acknowledgments, 126. 
Miller, B. L., geology of Marion county, 
127. 
Miller, Woif, quarry, .. 1. 
Minerals, Louisa (lounty, 116. 
Mineral Point Zinc Company, 52. 
Mines. 
Black Diamond, 176. 
Buwalda, 175. 
Hawkeye, 179. 
Ingraham. 451. 
Linquist., C. A., 485, 452. 
O. K . Coal Company, 180, 1117. 
Otley Coal Company, 176. 
Roberts & McCloskey, 176. 
Success, 176. 
Vriezelaar & Smith, 176. 
WhitebreastFuel Company,179,197. 
York Coal Company, 181. 
Mineral produJtion in Iowa in 1900, 87. 
Mississippian series, Louisa county, 71. 
Missourian, fossils of, 281. 
Gflneral section of, 229. 
Page county, 415, 419. 
Pottawaltamie county, 220. 
Typicnl sections of, 422. 
Modimorpka 81, 84. 
Montrose cherts, 89, 90. 
Morgan Valley mines, 177. 
Morris, J . R., qunrry, 184. 
Morrison , G. S., 266. 
Mud lake, 468. 
Myali1la s1ebq1tadrata , 431. 
Natural gas in Iowa, 221. 
Louisa county, 121. 
Nodaway coal, 427, 435. 437, 450. 
Nelson, J . A .. acknowledgments, 126. 
Neuropteris augustifolia, 162. 
kirsuta, 162. 
Niagara, Cedar counly, 804. 
Norcutt. S. B., brickyard, 272. 
Norton, W. H .. 283, 402. 
Norton, W. H .. Geology of Cedar county, 
279. 
Wor k of, 83. 
Oakleaf, J . L ., acknowledgments, 277. 
Oaks Bros .. brickyard, 120. 
O'Brien and Clay counties, geology of, 
461. 
Acknowledgments,4!!6 . 
Alluvium, 483. 
Clays, 491. 
Coal. 4~2. 
Constructional valleys, 467. 
Cretaceous sandstone, 489. 
Drainage, 471. 
Economic products, 490. 
Elevations, 482. 
Forestry notes, 499. 
Fuel, 491. 
Geological formations, 483. 
Kansan drift. 487. 
Location. 463. 
Loess,4.83. . 
Physiography. 465. 
Pre·Kansan sands. 489. 
fre-Wisconsin sands, 487. 
Soils, 490. 
StratiR'raphy. 482. 
Topography, 465. 
Water supply, 495. 
Wisconsin clays, 486. 
Gravels, 484. 
Ochre, 191. 
Oil in Iowa, 22. 
Necessary conditions for. 24. 
Origin of. 22. 
O. K. Coal company mines, 180. 
Oneota, 23. 
Oolite ledges, 86. 
Ordovician. 303. 
Origin of natural gas, 22. 
Paha, 365. 
Petroleum, 22. 
Orodus, 77, 88. 
Orthis iowensis, 341. 
keokuk, 146. 
macfarlanei, 327,328, 841. 
pecosi,425. 
Ortkoceras, "'2, 86, 89. 
indianensis, 85. 
inequalis, 82, 85. 
wkitei, 79, 80, 85. 
Ortkotketes inequalis, 77, 79,~84,_85 . 
Ostrya verg-inica, 506. 
Otis limestone, 321. 
Composition of, .1l22. 
Sections of , 333. 
Otley coal company, 175. 
mines, 175. 
Output of clsty for 1900, 45. 
Ovibos cavifrons. 261. 
Owen, D. D., 130, 153 283. 
Ozarkian, 96, 101. 
INDEX. 515 
Page county, geology of,397. 
Alluvium, 448. 
Area, 400. 
Brick,453. 
Building stone, 453. 
Carboniferous, 415. 
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Drainage. 413. 
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Pottawattamie county, 
203. 
Pinna peracuta, 221, 224. 
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Wasson, J . H .. quarry, 117 . 
Wassonville limestone, 8tl. 
WarsLoff's slougb, 62. 
Water power, Cedar county, 389. 
Page county, 456. 
Works, Pottawattamie county, 
275. 
Supply, Clay and O'Brien coun-
ties, 495. 
Louisa county, 125. 
Marion county, 193. 
Page county, 454. 
Pottawattamie county, 
273. 
Waterman creek, 475. 
Waukon Iron Co ,53. 
Weaver, J. P., brickyard, 272. 
Weeks. F. G, acknowledgmenls, 277. 
Weller, Stewart, cited. 84. 
Wella: 
Anderson, A., 244. 
Anderson, C. F • 244. 
Bates, Jos , 98. 
Bike, J., 99. 
Birk. Adam. 300. 
Black. John, 248. 
Boughman, L., 247. 
Boulton, Geo , 97. 
Briggs, E. S., 98. 
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Wells: 
Brown, J. K., 97. 
Cairo Village, 98. 
Clark, W., 96, 247. 
Chilsom, J., 97. 
Clarinda, 455. 
Clayton, Bly, 248. 
Concord school, 96. 
Cotter, Patrick, 98. 
Culp, A., 455. 
Cummings, R S., 98. 
Curran, J. S., 97. 
Dalton, James, 97. 
Davis, Evan, 98. 
Dillon, E., 244. 
Dobson & Jameson, 96. 
Dowling, H., 246. 
Driver, James, 243. 
Dryden, R. C.,97. 
Dunbar, J., 456. 
Duncan, F. M., 100. 
Dumphries, P. U., 244. 
Emmetsburg, 493. 
Estle. Cbas ., 99, 124. 
Everett, H., 246, 247. 
Freeman, H .. 98. 
Garner, J. W ,100. 
Glenwood, 422. 
Gittins, Henry, 243. 
Graham, J. L., 248. 
Gray, M. A., 99. 
Green, C., 247. 
.,> 
Greenwood Park, record of, 21. 
Gregg, J. H., 244. 
Griffin, Wm., 124. 
Hadley, A., 124. 
Hannivan, M., 247. 
Harding, J., 244. 
Harris, H , 96. 
Harris, Thomas, 97. 
Harrison, Geo., 97. 
Hass, P., 99. 
Hauft, J .. 97. 
Hays, J, 96 . 
Hempstead, J. W., 248. 
Heuser, Luis. 363. 
Hewett, Cyrus, 96. 
Holstein, 493. 
Huff, Lyman. 97. 
Humbert. J. 0 ., 243. 
Idle, J ., 124. 
Idle, I., 99, 124. 
Jamison. W. D., 96 . 
Jones, Humphrey, 100. 
Keck, J. G., 96 
Killon, Isaac. 243. 
Kramer, Charles, 363. 
Lane, John. 246. 
Larrabee, H., 439. 
Lee, M., 99,124. 
Lee, R. M., '91J, 124. 
Letts, 99, 124. 
Letts, Fay, 99, 124. 
INDEX. 
Wells: 
Letts, Noah, 99, 124. 
Lewis, J., 247. 
Lintner, B., 99, 124. 
Littrell, Etta, 99, 124. 
LuckV, Jos ., 100. 
Marshall, D. C.,97. 
McKay, James S., 100. 
McKinney, Chas., 247. 
McPherrin, J. Q., 243. 
Miller, W m., 97. 
Morning Sun, 1)7. 
Moore, F. J .. 100. 
Moss, Elija, 244. 
Mullen, James, 98. 
Mullen, M., 244. 
Murdock, Edward,100. 
Murphy, Cornelius, 98. 
Neely, C. C., 248. 
O'Brien, J , 246. 
Orr. H. E., 100. 
Overholt, D W., 99, 100. 
Owens, Robert, 99. 
Parsons, Dr., 96. 
Parsons, J ,96. 
Parsons, T. M ., 96. 
Peterson. 494. 
Pierson, Grant, 247. 
Reisch P. M., 98. 
Robinson. E , 100. 
Samson, L. M., 98. 
Sanborn, 493, 496. 
Sapp. W. '1'.,244. 
Schafer, J ., 99. 
Schaum, Martin, 100. 
Schleuter, Ernest, 363. 
Schroeder, J., 243. 
Schoefield, J , 97. 
Sellers, W., 98 
Simonson, Chris., 244. 
Skinner Bros., 98. 
Smith, J. W ., 244. 
Sneider, John, 98. 
Sniverly, E. W., 97. 
Spurgeon, Nels, 100. 
Stapp, Huben, 100. 
State School Deafand Dumb,273 
Stetson, F. B., 97. 
Stortenbecker, Theo., 244. 
Turkington, M. A., 99. 
Van Horne, Jesse, 98. 
Vincent, C., 99, 124. 
Wabintz, C., 99. 
Wagner, J., 98, 124. 
Wagner, W. W., 99, 124. 
Watkins, H. S, 246. 
Watts, Jame~, 247. 
Wei be, John, 363. 
Weiderecht, Fred., 97. 
Wentz, D., 244. 
Westbrook, Daniel, 98. 
Westbrook, H. H., 98. 
Whitney, W., 244. 
INDEX. 
Wells: 
Williams, L., 100. 
Wilkinson, L. P., 247. 
Wilson, O. F., 246. 
Young, Geo., 99. 
Well records. Louisa county, 96. 
Pottawattamie county, 243. 
Weems, J. B., work of,36. 
Weibe, John, well, 363. 
West Liberty plain, 6l. 
Whann quarry, 384. 
White Ash, 505. 
White, C. A., cited, 131, 239,401,465. 
White Brea3t Creek mine, 178. 
White breast Fuel company, 179. 
White Elm, 1)05. 
Maple, 502. 
Wickham Bros., brickyard, 272. 
Wild Plum, 504, 
Wilder, F. A , 23\}. 
Wisconsin clays, 486 . 
Wisconsin Gravels. 484. 
Wilson, P. C., cited, L69. 
Wolf Berry, 504. 
Worthen, A. H., 131, 
Wright brickyard, 190. 
Xanthoxylon americana, 502. 
Yarmouth soil, Louisa county, 105. 
York Coal Company mine, 181. 
Zaphrentis, 72, 74. 86. 
centra lis, 76, 88. 
pellae1zsis, 146 
Zerber, O. M., 119. 
Zinc, 193. 
Brickyard, 120. 
Industry, 52. 
Zonitoides arboreus, Hil, 262. 
shimekii,113,262,263,264. 
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